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ABSTRACT  OF  THESIS 


AN  EPIDEMIOLOGICAL  STUDY  OF  LEPTOSPIRA-INDUCED  ABORTION  IN 
MARES  IN  CENTRAL  KENTUCKY  (1990  -  2004) 

Leptospirosis  can  cause  fetal  abortion  in  pregnant  mares.  The  number  of 
abortions  attributed  to  leptospiral  infection  in  central  Kentucky  can  differ  greatly  from 
year  to  year.  This  study  makes  comparisons  of  years  having  a  higher  than  average 
prevalence  of  leptospiral  abortions  to  those  years  having  an  average  or  below  average 
prevalency  of  such  abortions  in  the  horse  population.  Environmental  factors  such  as 
temperature  and  precipitation,  as  well  as,  geographical  location  using  graphical 
information  system  (GIS)  technology  were  examined.  Other  factors  including  time  of 
year,  gestational  age  of  the  foal,  age  of  the  mare,  parity  of  the  mare,  future  reproductive 
success  of  the  mare,  and  contact  with  wildlife  were  also  examined. 
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Chapter  One;  Literature  Review 

Leptospirosis  is  the  most  widespread  zoonosis  throughout  the  world,  though  the 
diagnosis  is  infrequent  in  humans  in  the  United  States  (Meites  et  al.,  2004).  The  human 
disease  is  characterized  by  fever,  headache,  chills,  muscle  aches,  vomiting,  jaundice  and 
an  occasional  rash.  A  non-treated  patient  could  develop  more  serious  conditions  such  as 
kidney  damage,  meningitis,  liver  failure,  and  even  respiratory  distress.  In  very  rare 
occasions  leptospirosis  can  cause  death  in  humans  (Chin,  2000;  Center  for  Disease 
Control  and  Prevention,  2004).  The  national  levels  of  leptospirosis  diagnosed  in  the 
human  population  in  the  United  States  decreased  rapidly  throughout  the  later  part  of  the 
20***  century  and  the  disease  was  removed  from  the  nationally  reportable  disease  list  in 
1995  (Meites  et  al.,  2004;  Center  for  Disease  Control  and  Prevention,  2004). 

In  the  late  1980s  it  became  apparent,  however,  that  although  leptospirosis  was  not 
a  significant  threat  to  the  human  population  in  the  United  States,  it  was  a  greater  threat 
than  previously  recognized  as  a  form  of  placentitis  in  the  horse  population  (Hong  et  al., 
1993a,  1993b).  The  signs  of  a  horse  experiencing  an  acute  leptospirosis  infection  include 
mild  depression,  loss  of  appetite,  and  a  fever  of  103  to  105  degrees  Fahrenheit  that  may 
last  up  to  three  days.  Several  weeks  after  the  fever  a  pregnant  mare  may  experience  an 
abortion  and  all  horses  can  experience  uveitis  (moonblindness)  several  months  after  the 
fever.  It  appears,  in  the  case  of  uveitis,  that  leptospires  infect  the  aqueous  humor  of  the 
horse’s  eye,  and  that  the  resulting  sight  problems  may  be  the  result  of  the  infection  itself 
or  because  of  an  autoimmune  response  from  the  horse  (Bernard,  1993c).  This  study, 
however,  will  concentrate  on  the  disease  as  it  relates  to  the  cause  of  abortions  in  the  horse 
population. 
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Prior  to  1990,  most  of  the  research  concerning  leptospirosis  as  a  cause  of  abortion 
in  horses  was  done  in  Northern  Ireland  (Ellis  et  al.,  1983;  Ellis  and  O’Brien,  1988;  Ellis, 
1999).  However,  early  in  the  1990s  studies  were  done  in  central  Kentucky  because  of  the 
concentration  of  Thoroughbred  breeding,  the  incidence  of  leptospiral  abortions  in  that 
area,  and  the  location  of  the  University  of  Kentucky  Livestock  Disease  Diagnostic  Center 
within  the  region  (Donahue  et  al.,  1991;  Donahue  et  al.,  1992;  Donahue  et  al.,  1995).  A 
primary  reason  for  determining  the  epidemiology  of  leptospirosis  as  it  relates  to  equine 
abortion  is  because  sometimes  mares  may  not  show  any  of  the  clinical  signs  mentioned 
previously  before  they  abort  or  produce  a  stillborn  foal  (Wilkie  et  al.,  1988;  Donahue  et 
al.,  1991;  Donahue  at  al.,  1992;  Donahue  et  al.,  1995).  Thus,  in  many  cases,  treatment 
can  not  be  provided  in  a  timely  manner  to  prevent  the  abortion  from  occurring. 

Previous  research  endeavors  have  determined  the  abortions  to  occur  from  6 
months  to  almost  full  term  in  the  gestation  period  (Roberts  et  al.,  1952;  Jackson  et  al., 
1957;  Hanson,  1977;  Ellis  and  O’Brien,  1988;  Hodgin  et  al.,  1989;  Donahue  et  al.,  1991; 
Donahue  et  al.,  1992;  Donahue  et  al.,  1995).  The  outcome  of  the  fetus  (aborted,  stillborn, 
or  live  foal)  can  depend  on  the  age  of  the  fetus  at  the  time  of  infection  and  the  virulence 
of  the  Leptospira  serovar  (Hanson,  1977).  Previous  studies  have  further  indicated  that 
age  of  the  mare  might  have  some  epidemiological  factor  increasing  the  mare’s  exposure 
or  susceptibility  to  Leptospira,  particularly  if  the  mare  is  between  the  age  of  7  and  1 1 
years  old  (Carpio  et  al.,  1979;  Park  et  al.,  1992;  Williams  et  al.,  1994;  Rocha  et  al.,  2003). 
As  Dr.  William  Ellis  (1999)  indicates,  given  the  results  of  a  leptospiral  infection  in  a 
mare,  it  is  most  unfortunate  that  so  little  is  known  about  the  infection  in  the  horse.  In 
fact,  Abhineet  Sheoran  and  coworkers  (2000)  noted  that  it  is  unknown  what  percentage  of 
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abortions  are  the  results  of  a  Leptospira  infection  only,  and  not  in  combination  with  other 
causes  of  placentitis. 

Because  most  research  in  the  United  States  concerning  leptospiral  infections  in 
the  horse  population  did  not  begin  until  the  1990s,  many  of  the  methods  of  transmission 
and  epidemiology  of  leptospirosis  have  not  been  identified.  Current  research  does 
indicate  that  transmission  can  occur  through  direct  or  indirect  transmission  from  a  host 
mammal  (Hartskeeri  and  Terpstra,  1996).  Indirect  transmission  through  contact  with 
Leptospira  contaminated  water  or  soil,  is  thought  to  be  responsible  for  most  human  cases 
(CDC,  2004).  In  the  case  of  horse  infections,  the  same  transmission  logic  applies. 
Leptospira  bacteria  can  be  spread  through  the  urine  of  infected  animals,  through  placental 
fluids,  and  through  contaminated  feed  and  water.  The  bacterium  is  thought  to  be 
transmitted  to  the  horse  population  from  other  species  seen  on  many  farms,  such  as  cattle, 
deer,  and  elk.  It  is  also  possible  that  wet  environmental  conditions  seem  to  increase  the 
risk  of  exposure  (American  Public  Health  Association,  2000;  Ward  et  al.,  2004).  Other 
factors  might  also  raise  the  risk  of  exposure  to  the  bacteria,  such  as  a  mild  climate,  a  high 
population  density,  and  an  increased  degree  of  contact  between  maintenance  and 
accidental  hosts  (Levett,  2001). 

Current  epidemiological  beliefs  concerning  leptospirosis  are  that  the  disease  is 
seasonal,  being  diagnosed  in  the  late  summer  or  fall,  with  the  highest  seasonal  prevalence 
in  hospital  cases  (in  canines)  occurring  during  the  fall,  where  temperature  is  the  limiting 
factor  in  the  survival  of  leptospires.  Rainy  seasons  prevent  the  rapid  dessication  of  the 
leptospires  in  warm-climate  regions  (Bolin,  1996;  Brown  et  al.,  1996;  Harkin  and 
Gartrell,  1996;  Levett,  2001;  Ward  et  al.,  2004).  These  epidemiological  patterns  are 
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summarized  by  Solomon  Paine  (1994a)  in  three  categories.  First,  infections  can  occur  in 
temperate  climates  and  involve  few  Leptospira  serovars.  Secondly,  infections  can  occur 
in  tropical  wet  climates,  involve  a  large  number  of  reservoir  species,  and  therefore 
involve  many  serovars.  Lastly,  a  rodent-borne  infection  can  exist  in  the  urban 
environment.  Dr.  Michael  Ward  (2004)  accomplished  several  studies  on  dogs  and  the 
encroachment  of  urbanized  areas  onto  rural  land  which  supported  Paine’s  last 
epidemiological  pattern.  The  following  study  will  use  the  first  epidemiological  pattern,  a 
temperate  climate  involving  few  serovars,  as  its  model. 

Leptospirosis  is  a  disease  caused  by  leptospires,  which  are  long,  thin,  and  motile 
spirochetes  (0. 1  pm  by  6  pm  to  0. 1  pm  by  20  pm).  These  spirochetes  may  be  tree  in  the 
environment  or  associated  with  animal  hosts.  The  individual  organisms  are  highly 
complex  and  over  200  known  pathogenic  serologic  variants  have  been  determined  (Paine 
et  al.,  1999;  CDC,  2004).  Leptospira  are  divided  into  12  species  and  5  genomospecies 
(Brenner  et  al.,  1999).  The  12  species  of  leptospires  are  further  divided  into 
approximately  23  serogroups  containing  more  than  200  pathogenic  serovars  (Chin,  2000). 

Research  indicates  that  specific  serovars  are  maintained  by  a  specific  host  species 
that  acts  as  a  reservoir  for  the  leptospire.  The  maintenance  host  is  usually  an 
asymptomatic  chronic  carrier.  For  example  Leptospira  interrogans  serovar 
icterohaemorrahagiae  is  most  likely  a  serovar  maintained  within  the  rat  population 
(Hanson,  1982;  Bimbaum  et  al.,1998).  This  serovar  and  maintenance  host  relationship  is 
of  great  epidemiological  importance.  An  identification  of  the  maintenance  host  would 
provide  further  understanding  of  where  the  disease  was  originating  in  an  accidental  host 
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population  (Hartskeeri  and  Terpstra,  1996;  Bernard,  2003).  An  accidental  host  is  a 
periodic  carrier  that  usually  develops  acute  disease. 

Because  of  the  complex  taxonomic  system  for  Leptospira,  it  is  important  to 
discuss  how  this  paper  will  address  the  naming  of  the  organisms.  Serovars  have  no 
taxonomic  standing  (Levett,  2001),  but  they  help  to  provide  better  epidemiological 
understanding.  In  literature  leading  up  to  the  publication  of  Emergent  Causes  of 
Placentitis  and  Abortion  (Donahue  and  Williams,  2000)  serogroup  and  serovar  were  often 
used  interchangeably  (Dr.  Mike  Donahue,  University  of  Kentucky  Livestock  Disease 
Diagnostic  Center,  personal  communication,  2004).  In  most  cases,  unless  the  study 
specified  serovar  determination,  the  indicated  strain  was  most  likely  a  serogroup.  For 
instance  in  older  North  American  literature,  any  of  the  strains  involved  in  leptospiral 
infections  of  the  horse  were  reported  as  Leptospira  interrogans  serovar  pomona.  As  the 
studies  progressed,  the  same  strain  would  be  listed  as  Leptospira  interrogans  serovar 
pomona  genotype  kennewicki,  or  Leptospira  interrogans  serovar  kennewicki  (Donahue 
and  Williams,  2000).  This  study  will  adopt  the  same  taxonomic  system  used  by  Dr. 
Donahue  and  Dr.  Williams  in  their  2000  study,  and  therefore,  a  serovar  would  be  written 
as  Leptospira  interrogans  serogroup  Pomona  serovar  kennewicki.  It  can  be  assumed  that 
all  strains  in  the  serogroup  Pomona  that  occur  in  horses  in  North  America  are  most  likely 
serovar  kennewicki,  because  all  Pomona  serogroup  leptospiral  strains  that  have  been 
identified  by  restriction  endonuclease  analysis  (REA)  have  proven  to  be  serovar 
kennewicki  (Donahue  and  Williams,  2000). 

It  is  very  important  to  determine  the  serovar  of  leptospira  in  horses  in  North 
America  because  many  previous  studies  have  been  done  outside  the  United  States  and 
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have  indicated  other  serovars  as  the  infectious  agent,  such  as  serovar  bratislava  in 
Northern  Ireland  (Ellis  et  al.,  1983).  This  is  not  unusual,  however,  because  it  has  been 
proven  that  there  are  variations  in  maintenance  hosts  and  the  serogroups/serovars  that 
they  carry  throughout  the  world  (Hartskeeri  and  Terpstra,  1996). 

This  study  will  be  concentrating  on  the  effects  of  temperature,  precipitation,  and 
naturally  occurring  water  location  on  equine  leptospiral  abortions.  It  is  important, 
therefore,  to  look  at  some  previous  studies  and  determine  the  average  length  of  survival 
of  leptospires  in  each  condition.  First,  mild  to  warm  temperatures  promote  a  more 
lengthy  period  of  survival  for  leptospires,  especially  if  these  temperatures  are 
accompanied  by  more  humid  conditions  (Everard  and  Everard,  1993;  Ratnam,  1994; 
Levett,  2001).  It  is  generally  accepted  that  leptospires  survive  in  soil  of  a  high  moisture 
content  and  low  acidity  (Twigg  et  al.,  1969).  In  fact,  even  slightly  acidic  soil  (pH  6.2) 
sampled  from  an  Australian  cane  field  sustained  serovar  australis  for  seven  weeks  (Smith 
and  Self,  1955). 

Secondly,  high  periods  of  precipitation  are  thought  to  increase  the 
exposure  to  leptospires  by  releasing  the  leptospires  from  the  soil  and  bringing  them  to  the 
surface  in  standing  water  or  even  floods  (Hellstrom  and  Marshall,  1978;  Carroll  and 
Campbell,  1987;  Miller  et  al.,  1991;  Rentko  et  al.,  1992;  Barwick  et  al,  1997  and  1998; 
Adin  and  Cowgill,  2000;  Ward,  2002;  Meites  et  al.,  2004).  It  is  thought,  however,  that 
survival  of  leptospires  in  river  water  is  shorter  than  in  flooding  areas  or  in  standing  water 
most  likely  because  of  cooler  water  temperature  in  the  former  (Chang  et  al.,  1948; 
Crawford  et  al,  1971).  Because  much  research  has  been  done  to  support  the  relationship 
between  soil  jmd  water  in  a  leptospiral  infection  it  is  assumed  that  transmission  usually 
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occurs  through  contact  with  contaminated  soil  and  water  (Ward,  2002;  Twigg  et  al, 

1969).  Furthermore,  it  is  important  to  note  that  horses  do  not  need  to  come  into  direct 
contact  with  infected  am'mals  to  be  exposed  to  leptospires  (Barwick  et  al.,  1998).  This  is 
especially  true  since  Leptospira  interrogans  is  able  to  survive  up  to  one  month  in 
optimum  conditions  of  moisture,  pH,  and  temperature  when  in  soil  (Babudieri,  1958). 

Lastly,  location  of  the  abortions  is  of  great  importance  during  an  epidemiological 
investigation.  Variability  in  environmental  factors  and  inconsistency  in  geographic  data 
can  skew  the  investigation  (Ward,  2004).  In  this  study  the  region  was  limited  to  central 
Kentucky,  referred  to  as  the  bluegrass  region,  which  is  comprised  of  Fayette  county  and 
surrounding  counties.  This  region  experiences  the  same  weather  patterns  and  climate 
(Dr.  Tom  Priddy,  University  of  Kentucky  Agricultural  Weather,  personal 
communication,  2004)  and  therefore  helps  to  eliminate  any  climate  variability. 

Climate  is  not  the  only  concern  when  it  comes  to  location  of  the  incidents.  In  this 
study  an  attempt  is  made  to  show  the  location  of  the  incidents  of  leptospira-induced 
abortion  in  relation  to  major  waterways  and  minor  waterways  in  Kentucky.  For  this 
reason,  a  Global  Positioning  System  (GPS)  receiver  and  Geographic  Information  Systems 
(GIS)  software  were  used  to  pinpoint  locations  and  overlay  maps.  This  is  a  new  and 
upcoming  technology  for  epidemiological  investigations.  Through  the  use  of  the  GIS 
software,  landscape  features  attributing  to  the  risk  of  exposure  of  horses  to  leptospires 
can  be  identified  (Ward,  2004).  Dr.  Michael  Ward  (2004)  used  overlay  analysis,  a  GIS 
tool,  that  uses  specific  longitude  and  latitude  points  and  overlays  maps  of  terrain, 
waterways,  or  satellite  photos  to  estimate  the  exposure  of  dogs  to  specific  types  of 
vegetation,  land  use,  geology,  hydrography,  topography,  and  health  services.  These 


7 


comparisons  had  been  identified  in  previous  studies  by  Nicholson  and  Mather  in  1996 
and  Mott  et  al.,  in  1995.  As  will  be  shown  in  this  study,  the  combination  of  GIS  with  the 
traditional  epidemiological  methods  provide  a  powerful  tool  to  rapidly  identify  and  assess 
the  multiple  risk  factors  that  may  be  associated  with  the  spread  of  zoonotic  diseases  over 
large  areas  (Glass  et  al.,  1995). 
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Chapter  Two:  Descriptive  Information 

Introduction 

A  confirmed  case  of  leptospiral  abortion  was  determined  in  this  study  by  having 
pathologists  at  the  University  of  Kentucky  Livestock  Disease  Diagnostic  Center  (LDDC) 
examine  the  aborted  equine  fetus  and  diagnosing  leptospirosis  as  the  cause  of  abortion. 

A  diagnosis  of  leptospira-induced  abortion  was  made  when  leptospires  were  detected  in 
fetal  tissues  by  a  fluorescent  antibody  test  (FAT)  and/or  by  detecting  antibodies  against 
leptospires  in  the  fetal  pericardial  fluid  and/or  the  mare’s  serum  using  the  microscopic 
agglutination  test  (MAT). 

The  serovar  of  Leptospira  involved  was  determined  by  culture  of  the  bacterium  at 
the  LDDC  and  identification  of  submitted  isolates  by  persormel  at  the  National 
Veterinary  Services  Laboratories  or  Agricultural  Research  Service,  Ames,  Iowa  using  the 
restriction  endonuclease  analysis  (REA)  technique.  Results  of  the  MAT,  especially  since 
the  1999  foaling  years,  were  also  used  to  determine  the  serovar  involved  (Dr.  Mike 
Donahue,  LDDC,  per  personal  communication,  2004). 

This  study  used  foaling  years  (FY)  as  the  increments  in  time  that  were  analyzed. 

A  foaling  year  begins  July  1*'  and  ends  on  June  30'*‘.  Breeding  generally  takes  place  in 
February  through  April  prior  to  the  foaling  year.  The  breeding  is  done  so  that  a  foal  bom 
after  full  gestation  will  be  as  close  to  a  January  1**  birth  date  as  possible.  Because  the 
Thoroughbred  industry  in  Kentucky  is  primarily  comprised  of  commercial  operations, 
most  Thoroughbreds  will  follow  this  breeding  and  foaling  calendar. 

Another  reason  Thoroughbred  data  is  very  good  for  an  epidemiological  study  of 
this  type  is  because  most  Thoroughbreds  are  registered  at  the  Jockey  Club.  The  Jockey 
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Club  is  responsible  for  maintaining  the  American  Stud  BooL  This  book  lists  “all 
Thoroughbreds  foaled  in  the  United  States,  Canada  and  Puerto  Rico  as  well  as 
Thoroughbreds  imported  into  those  countries  from  nations  around  the  world  that  maintain 
similar  Thoroughbred  registries”  (www.jockeyclub.com,  2004).  If  a  Thoroughbred  is  not 
registered  in  this  book,  that  Thoroughbred  will  not  be  allowed  to  be  sold  at  most 
Thoroughbred  auctions,  nor  likely  race  in  any  Thoroughbred  stakes  races.  The  Jockey 
Club  has  been  maintaining  the  bloodlines  of  Thoroughbreds  since  1896. 

Because  the  Jockey  Club  maintains  excellent  records,  analyzing  specific 
characteristics  of  the  mare  such  as  age  and  parity  was  possible  in  this  study.  Parity  is  the 
number  of  live  foals  bom  to  a  mare.  In  this  study,  parity  was  further  defined  as  the 
number  of  live  foals  bom  to  a  mare  prior  to  experiencing  a  leptospiral  abortion. 

This  chapter  accumulates  the  descriptive  data  necessary  to  begin  an 
epidemiological  investigation.  The  years  of  high  prevalence,  the  serovars  involved,  the 
epidemiological  curves,  and  the  characteristics  of  a  mare  most  likely  to  experience  a 
leptospiral  abortion  will  be  identified  by  the  end  of  this  Chapter. 

Materials  and  Methods 

Accession  Sheets 

The  LDDC  provided  accession  sheets  for  five  foaling  years  (July  1  -  June  30) 
covered  in  this  epidemiological  study  (2000-2004).  An  accession  sheet  is  the  document 
completed  by  the  farm  manager,  veterinarian,  or  other  farm  employee  when  an  aborted 
fetus  is  submitted  to  the  LDDC  for  evaluation.  The  information  on  these  documents 
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provides  the  date  of  the  animal  submission,  which  was  used  as  the  incident  (abortion) 
date.  A  blank  accession  sheet  is  provided  in  Appendix  A. 

Necropsy  Reports 

Necropsy  reports  were  also  provided  for  the  2000  through  2004  foaling  years. 
The  necropsy  reports  contain  the  pathologist’s  gross  and  histological  findings,  the 
bacteriological  findings,  the  serological  findings,  the  virological  findings,  and  the  final 
diagnosis. 

Microbiology  Spreadsheets 

Prior  to  the  2000  foaling  year,  accession  sheet  information  and  necropsy  reports 
were  kept  at  the  Livestock  Disease  Diagnostic  Center  in  a  different  format.  To  protect 
confidentiality  of  cases  not  related  to  this  study,  data  sheets  for  equine  leptospiral 
abortions  were  provided  by  the  LDDC,  which  contained  the  submission  date,  fiirm 
identification,  mare  identification,  gestational  age  of  foal,  histological  findings,  and 
serological  data  (FY  1999  -  FY  2004).  Dr.  Mike  Donahue  collected  this  information 
since  1990. 

Mare  Data 

All  Thoroughbred  mares  having  had  a  leptospiral  abortion  diagnosed  at  the 
LDDC  from  July  1,  1989  to  June  30, 2004  in  this  study  should  have  been  registered  by 
the  Jockey  Club.  To  obtain  a  breeding  history  report  on  all  registered  mares,  the  Jockey 
Club  database  was  accessed  at  www.equineline.com  through  a  user  ID  and  a  password, 
then  the  Thoroughbred  database  was  selected.  The  breeding  history  reports  analyzed  for 
the  mares  in  this  study  provided  the  mare’s  sire  and  dam,  the  mare’s  date  of  birth,  the 
stallion  bred  to  each  year,  and  the  results  of  the  breeding  (live  birth,  abortion,  or  barren). 
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This  data  was  analyzed  to  determine  the  significance  in  mare  age,  parity,  and  future 
breeding  performance  after  a  leptospiral  abortion. 

Information  Processing 

Microsoft  Excel  from  Microsoft  Office  2000  SR-1  Professional  program  was  used 
to  create  spreadsheets  of  data  collected  and  to  create  the  graphs  and  charts.  Statistical 
comparisons  were  accomplished  on  the  averages  calculated  for  parity,  mare  age  at  the 
time  of  the  abortion,  and  the  gestational  age  of  the  fetus  at  time  of  abortion  using  a  t-test 
with  a  pooled  variance  to  calculate  the  estimated  standard  deviation.  The  t-test  makes  the 
assumption  that  the  averages  are  simple  random  samples  from  two  independent  normal 
populations  that  have  the  same  variance.  The  p-value  was  calculated  by  looking  up  the  t- 
value  in  a  t-table  (Rosner,  2000)  under  the  correct  degrees  of  freedom.  As  common  in 
most  scientific  literature,  statistical  significance  was  set  at  a=0.05. 

Results 

Estimated  Prevalence  of  Leptospirosis  in  Kentacfy  per  Annum 

It  is  important  to  note  that  during  the  years  of  the  study,  the  number  of  live  foals 
per  year  was  not  a  constant.  Therefore  a  measure,  prevalence,  is  used  to  correct  for  this 
population  change.  The  number  of  live  Thoroughbred  foals  bom  in  the  state  of  Kentucky 
for  each  year  studied  was  obtained  from  the  the  Jockey  Club  Live  Foal  Reports  at  the 
organization’s  website.  The  numbers  for  the  state  of  Kentucky  can  be  seen  in  Table  2.1. 
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Table  2.1:  Number  of  Live  Thoroughbred  (TB)  Foals  Bom  in  Kentucky  per  Foaling 

Year 


Foaling 

Year 

Live  TB  Foals 
Born  in  Kentucky 

Live  TB  Foals 
Born  in  United 
States 

Percentage  of  United  States 
Born  Live  TB  Foals  Born  in 
Kentucky 

1990 

7397 

40333 

18.3 

1991 

7263 

38149 

19.0 

1992 

6871 

35049 

19.6 

1993 

7008 

33820 

20.7 

1994 

7108 

32117 

22.1 

1995 

7683 

31882 

24.1 

1996 

8442 

32240 

26.2 

1997 

8933 

32115 

27.8 

1998 

9495 

32941 

28.8 

1999 

9893 

33825 

29.2 

2000 

10116 

34699 

29.2 

2001 

9843 

34636 

28.4 

2002 

8203 

32408 

25.3 

2003 

12582 

34025 

37.0 

2004 

13797 

36274 

_  38.0 

The  Jockey  Club  asserts  that  the  figures  used  in  Table  2. 1  are  90%  accurate  and 
depend  heavily  on  the  dependable  reporting  of  breeders  throughout  the  United  States. 
Furthermore,  it  is  important  to  note  that  in  each  of  the  foaling  years  represented  in  this 
study  that  Kentucky  produced  the  most  live  foals  per  US  state. 

In  order  to  estimate  the  prevalence  of  leptospira-induced  abortions  in  the  state  of 
Kentucky,  an  accurate  count  of  the  number  of  incidents  per  foaling  year  in  Thoroughbred 
mares  was  obtained  from  the  LDDC.  If  the  final  diagnosis  of  the  abortion  was  due  to  a 
Leptospira  infection,  that  incident  was  used  as  a  confirmed  case  in  this  epidemiological 
survey.  The  number  of  leptospiral  cases  diagnosed  by  the  LDDC  in  Thoroughbred  nuu^s 
can  be  seen  in  Table  2.2  and  in  all  breeds  of  horse  in  Table  2.3.  Table  2.2  calculates 
an  estimated  prevalence  by  comparing  the  number  of  cases  diagnosed  by  the  LDDC  in 


Thoroughbred  mares  to  the  total  number  of  live  Thoroughbred  foals  bom  in  Kentucky 

(www.jockeyclub.com).  The  majority  of  the 

Table  2.2:  Estimated  Prevalence  of  Leptospira-Induced  Abortions  in  Kentucky  by 
Comparing  Cases  Diagnosed  in  Thoroughbreds  by  the  University  of  Kentucky 
Livestock  Disease  Diagnostic  Center  to  the  Number  of  Live  Thoroughbred  Foals 
Born  in  Kentucky  During  Specific  Foaling  Years 


Foaling  Year 

Cases  Diagnosed 
by  LDDC 
(Thoroughbreds) 

Live  Foals  Bom  in 
Kentucky 
(Thorough  breds) 

Estimated 
Prevalence  of 
Leptospira- 
Induced  Abortions 
per  Live  Foal  in 
Kentucl^* 

1990 

27 

7397 

.0037 

1991 

7 

7263 

.0010 

1992 

14 

6871 

.0020 

1993 

34 

7008 

.0049 

1994 

2 

7108 

.0003 

1995 

3 

7683 

.0004 

1996 

7 

8442 

.0008 

1997 

9 

8933 

.0010 

1998 

2 

9495 

.0002 

1999 

6 

9893 

.0006 

2000 

1 

10116 

.0001 

2001 

29 

9843 

.0029 

2002 

4 

8203 

.0005 

2003 

4 

12582 

.0003 

2004 

24 

13797 

.0017 

•Bold  numbering  indicates  a  foaling  year  of  high  prevalence 


Thoroughbred  farms  in  Kentucky  are  located  in  the  bluegrass  region  of  Kentucky 
(Kentucky  Thoroughbred  Farm  Managers’  Club  Directory,  2003),  a  geographical  region 
including  Fayette,  Woodford,  Scott,  Bourbon,  Clark,  and  Jessamine  counties.  The  LDDC 
is  located  in  the  heart  of  the  bluegrass  region  where  a  more  representative  prevalence 
might  be  calculated  by  comparing  the  number  of  cases  diagnosed  by  the  LDDC  in 
Thoroughbred  horses  to  the  total  number  of  live  Thoroughbred  foals  bom  in  Kentucky. 


Table  2.3  calculates  an  estimated  prevalence  by  comparing  the  number  of  cases 

diagnosed  in  all  breeds  of  horses  to  the  total  number  of  live  Thoroughbred  foals  bom  in 

Kentucky  during  the  same  years.  The  years  of  higher  than  average  prevalence  are  the 

same  in  both  Tables  2.2  and  2.3.  The  high-prevalence  years  are  marked  by  bold  type. 

Table  2.3:  Estimated  Prevalence  of  Leptospira-Induced  Abortions  in  Kentucky  by 
Comparing  Cases  Diagnosed  in  all  Horse  Breeds  by  the  University  of  Kentucky 
Livestock  Disease  Diagnostic  Center  to  the  Number  of  Live  Thoroughbred  Foals 
Born  in  Kentucky  During  Specific  Foaling  Years 


Foaling  Year 

Cases  Diagnosed 
by  LDDC 
(All  Breeds) 

Live  Foals  Born  in 
Kentucky 
(Thoroughbreds) 

Estimated 
Prevalence  of 
Leptospira-lnd  uced 
Abortions  per  Live 
Foal  in  Kentucl^* 

1990 

39 

7397 

.0053 

1991 

12 

7263 

.0017 

1992 

22 

6871 

.0032 

1993 

47 

7008 

.0067 

1994 

5 

7108 

.0007 

1995 

6 

7683 

.0008 

1996 

7 

8442 

.0008 

1997 

12 

8933 

.0013 

1998 

3 

9495 

.0003 

1999 

9 

9893 

.0009 

2000 

5 

10116 

.0005 

2001 

34 

9843 

.0035 

2002 

6 

8203 

.0007 

2003 

7 

12582 

.0006 

2004 

36 

13797 

.0026 

*Bold  numbering  indicates  a  foaling  year  of  high  prevalence 


A  closer  look  at  the  frequency  of  leptospira-induced  abortions  diagnosed  by  the 
LDDC  over  the  15  years  of  this  study  indicates  the  number  of  abortions  in  specific  breeds 
as  173  in  Thoroughbreds,  12  in  Standardbreds,  6  in  Quarter  Horses,  1  in  Belgians,  1  in 
Miniature  Horses,  1  in  Termessee  Walking  Horses,  and  47  in  undetermined  breeds.  The 
47  in  undetermined  breeds  includes  those  horses  indicated  as  Thoroughbreds  on  the 
LDDC  accession  sheets  but  not  found  in  the  Jockey  Club  registry. 
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Epidemiological  Curves  for  Time  of  Year 

After  determining  the  years  most  likely  to  correspond  to  high  prevalence  rates  of 
leptospira-induced  abortion  per  live  birth  Thoroughbred  foals  in  Kentucky,  the  data  was 
further  expounded  to  include  incidents  of  leptospira-induced  abortion  per  month  per 
foaling  year.  The  dates  used  for  this  data  were  taken  from  LDDC  accession  sheets  and 
the  spreadsheets  created  by  Dr.  Donahue,  and  the  incidents  include  all  breeds  of  horses 
diagnosed  at  the  LDEXT.  The  epidemiological  curves  that  were  generated  from  this  data 
can  be  seen  in  Figure  2. 1  through  Figure  2.15. 

Figure  2.1:  Overall  Epidemiological  Curve  Depicting  the  Number  of  Incidents  of 
Leptospira-induced  Abortions  In  All  Horse  Breeds  per  Year 
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Figure  2.2:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 


Figure  2.3:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 
Breeds  per  Month  During  the  1991  Foaling  Year 


Months 


17 


Figure  2.4:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 
Breeds  per  Month  During  the  1992  Foaling  Year 
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Figure  2.5:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 
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Figure  2.6:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 
Breeds  per  Month  During  the  1994  Foaling  Year 
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Figure  2.7:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 
Breeds  per  Month  During  the  1995  Foaling  Year 
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Figure  2.8:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 
Breeds  per  Month  During  the  1996  Foaling  Year 


*A  Case  Exists  Between  January  and  March  but  the  Exact  Date  is  Unknown 


Figure  2.9:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 
Breeds  per  Month  During  the  1997  Foaling  Year 


*Two  Cases  Exist  Prior  to  the  November  Cases  and  One  Case  Exists 
Between  December  and  January  but  the  Exact  Dates  are  Unknown 
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Figure  2.10:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 


Figure  2.11:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 
Breeds  per  Month  During  the  1999  Foaling  Year 
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Figure  2.12:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 


Figure  2.13:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 
Breeds  per  Month  During  the  2001  Foaling  Year 
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Figure  2.14:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 
Breeds  per  Month  During  the  2002  Foaling  Year 
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Figure  2.15:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 
Breeds  per  Month  During  the  2003  Foaling  Year 
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Figure  2.16:  Epidemiological  Curve  for  Leptospira-Induced  Abortions  in  All  Horse 
Breeds  per  Month  During  the  2004  Foaling  Year 


The  epidemiological  curves  provide  excellent  views  of  the  months  in  each  year 
that  the  most  incidents  of  abortion  occuired.  The  curves  also  are  able  to  illustrate  trends 
in  the  incidents.  Therefore,  the  epidemiological  curves  were  combined  for  the  years  of 
higher  than  average  prevalence  (1990, 1992,  1993, 2001,  and  2004)  to  create  one 
epidemiological  curve,  and  the  epidemiological  curves  for  the  remaining  years  were  also 
combined  to  create  a  separate  curve  for  baseline  prevalence.  The  two  separate 
epidemiological  curves  were  studied  for  trends  within  each  curve  and  differences 
between  the  two  curves.  A  graph  combining  the  two  curves,  high-prevalence  and 
baseline-prevalence  abortions  per  month,  is  depicted  in  Figure  2. 17. 
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Figure  2.17:  Comparison  Epidemiological  Curves  for  High  Prevalence  Leptospira- 
Induced  Abortion  Foaling  Years  Totals  per  Month  and  Baseline  Prevalence 
Leptospira-Induced  Abortion  Years  Totals  per  Month  for  Foaling  Years  1990-2004 


Month 


n  Total  High 
■  Total  Average 


*FY  1996  and  FY  1997  contain  4  cases  with  unknown  dates 
Serovars  Most  Often  Diagnosed  by  LDDC  in  Leptospira-Induced  Abortions 

It  has  been  suggested  that  certain  serovars  of  Leptospira  are  species-specific  and 
little  cross-species  infection  is  seen  (Faine,  1994b).  Therefore  it  was  important  to 
determine  the  serovars  most  commonly  involved  in  equine  leptospira-induced  abortions. 
In  previous  abortion  cases  in  studies  completed  at  the  LDDC  (Donahue  et  al.,  1991, 1992, 
1995)  it  was  demonstrated  that  fetal  fluids  with  titers  against  serovar  pomona  or  the 
mare’s  serum  with  high  titer’s  against  serovar  pomona,  and/or  copenhageni,  and/or 
bratislava  indicated  that  serovar  kennewicki  was  the  causative  agent.  The  necropsy 
reports  obtained  from  the  LDDC  for  the  foaling  years  2000  through  2004  contained  the 
laboratory  data,  which  listed  the  serovars  involved  from  each  confirmed  incident  via  a 
microscopic  agglutination  test  (MAT).  Antibodies  against  the  serovars  were  detected  in 
the  pericardial  fluid  (fetus)  and/or  serum  (mare).  In  some  cases  serovar  identification 
was  not  possible. 
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Figure  2. 18  shows  the  serovar  distribution  of  both  serovar  specific  cases  and 
serovar  combination  cases.  Additionally,  a  similar  pie  chart  is  shown  in  Figure  2. 1 9,  but 
the  serovar  combinations  have  been  treated  as  individual  incidents  to  help  illustrate  the 
involvement  of  the  serovars  incriminated  by  the  LDDC  in  leptospira-induced  abortion 
cases  using  the  MAT.  Previous  results  seen  at  the  LDDC  indicated  that  MAT  response  to 
pomona,  icterohaemorrahagiae,  and  bratislava  were  indicative  of  serovar  kennewicki. 

Figure  2.18;  Serovar  Distribution  of  Leptospira  for  Foaling  Years  2000  through 
2004  in  Cases  of  Leptospira-Induced  Abortion  Diagnosed  by  the  LDDC 

Serovar  Distribution  FY  2000  through  FY  2004 

□  Pomona 
B  Hardjo 
□Grippotyphosa 

□  icterohaemorrahagiae  and  Grippotyphosa 
B  Pomona  and  Icterohaemorrahagiae 

□  Pomona  and  Bratislava 
O  Pomona  and  Grippotyphosa 
O  Pomona  and  Hardjo 
B Pomona,  Grippotyphosa,  and  Bratislava 

□  Pomona,  Grippotyphosa, 

Icterohaemorrahagiae,  and  Bratislava 

□Undetermined 
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Figure  2.19:  Serovars  Incriminated  by  the  LDDC  to  Showing  the  Distribution  of 
Leptospira  serovars  for  Foaling  Years  2000  through  2004  in  Cases  of  Leptospira- 
Induced  Abortion  Diagnosed  by  the  LDDC 


Mare  Data 

The  majority  of  data  that  has  been  used  previously  in  this  chapter  included  all 
abortion  incidents  diagnosed  by  the  LDDC  in  all  breeds  of  horses.  As  seen  with  the 
determination  of  an  estimated  prevalence  for  leptospira-induced  abortions,  a  better 
understanding  of  the  horse  population  in  which  these  incidents  occur  can  be  gathered  by 
analyzing  those  incidents  that  occurred  in  Thoroughbred  mares.  Thoroughbred  mares  are 
registered  with  the  Jockey  Club  and  a  breeding  history  for  each  mare  is  available.  The 
information  gathered  from  a  breeding  history  details  the  age  of  the  mare,  the  sire  and  dam 
of  the  mare,  the  years  the  mare  was  bred,  the  breeding  outcome  of  those  years,  and  the 
stallion  the  mare  was  bred  to  each  year.  Similar  information  on  other  breeds  is  not  as 
easily  available,  if  it  is  available  at  all. 

A  mare  was  confirmed  as  a  Thoroughbred  if  the  owner  or  farm  manager  on  the 
LDDC  accession  sheet  classified  her  as  a  Thoroughbred  and  she  had  been  registered  with 


27 


the  Jockey  Club.  Out  of  246  confirmed  cases  over  the  fifteen  years  of  this  study  1 73 
(70.33%)  occurred  in  Thoroughbreds.  The  information  obtained  from  the  Jockey  Club 
registry  was  analyzed  for  parity,  mare  age  at  time  of  abortion,  and  breeding  success  in  the 
years  following  the  abortion.  Additionally,  the  cases  that  were  diagnosed  by  the  LDDC 
and  appeared  in  the  Jockey  Club  registry  were  analyzed  to  determine  trends  in  the 
gestational  age  of  the  fetus  at  the  time  of  abortion.  The  gestational  age  was  found  on  the 
accession  sheets  and  the  spreadsheets  provided  by  the  LDDC  and  Dr.  Mike  Donahue. 

To  determine  average  parity  for  a  specific  foaling  year,  the  numbers  of  live  foals 
bom  to  each  Thoroughbred  mare  prior  to  her  abortion  were  determined.  The  numbers  of 
live  foals  for  each  mare  were  combined  and  divided  by  the  number  of  mares.  The 
averages  for  each  foaling  year  were  then  combined  and  divided  by  15  to  calculate  the 
total  average  parity  for  the  entire  study.  These  results  can  be  seen  in  Figure  2.20.  The 
range  for  parity  in  all  15  years  of  the  study  was  1  to  8  live  births.  The  median  was  2.88 
live  births.  The  range  for  parity  in  high-prevalence  years  was  3  to  5  live  births  and  the 
median  was  3.58  live  births.  The  range  for  parity  in  baseline-prevalence  years  was  1  to  9 
and  the  median  was  3  live  births. 

As  evidenced  by  Figure  2.20,  the  average  parity  of  a  Thoroughbred  mare  prior  to 
the  incident  of  a  leptospira-induced  abortion  is  approximately  3  live  births.  There  is  a 
slight  difference  in  the  averages  of  the  years  of  high  prevalence  and  those  years  of 
baseline  prevalence.  The  difference,  however,  was  proven  to  be  non-significant  (p  > 
0.05)  following  a  statistical  compan’son. 

The  average  mare  age  was  determined  in  a  similar  fashion  as  parity.  The  results 
for  mare  age  can  be  seen  in  Figure  2.2 1 .  For  all  1 5  years  of  the  study  the  range  for  the 
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average  mare  age  was  5  years  to  15  years  old  and  the  median  was  8.73  years  old.  For  the 

high-prevalence  years  the  range  for  the  average  mare  age  was  6.83  to  1 1 .71  years  old  and 

the  median  was  8.74  years  old.  For  the  baseline-prevalence  years  the  range  for  the 

average  mare  age  was  5  to  1 5  years  old  and  the  median  was  8.84  years  old. 

Figure  2.20;  Average  Parity  for  Thoroughbred  Mares  Prior  to  Experiencing  a 
Leptospira-Induced  Abortion  (All  Years,  High  Prevalence  Years,  and  Baseline 


Figure  2.21  indicates  the  average  mare  age  at  the  time  of  abortion  for  the  total 
years,  the  high-prevalence  years,  and  the  baseline-prevalence  years.  The  figure  shows 
that  the  average  is  approximately  9  years  old  in  each  case.  A  statistical  comparison  was 
still  performed  on  the  difference  between  the  high-prevalence  and  baseline-prevalence 
years.  This  difference  was  shown  to  be  nonsignificant  (p  >  0.05). 

Average  gestational  age  of  the  fetus  at  the  time  of  the  abortion  was  the  next 
characteristic  analyzed.  Again,  the  averages  were  calculated  in  the  similar  manner  to 
parity  and  average  mare  age.  The  results  for  gestational  age  of  the  fetus  can  be  seen  in 
Figure  2.22.  The  range  for  the  average  gestational  age  of  the  fetus  was  8  to  10.25  months 
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Figure  2.21;  Average  Age  in  Years  for  Thoroughbred  Mares  at  the  Time  of  the 
Leptospira-Induced  Abortion  (All  Years,  High  Prevalence  Years,  and  Baseline 

Prevalence  Years) 


Average  (FY  1990  -  Average  (High  Average  (Baseline 
FY  2004)  Prevalence  Years)  Prevalence  Years) 


during  all  1 5  years  of  the  study,  and  the  median  for  the  average  gestational  age  was  9.32 
months.  During  the  high-prevalence  years  the  range  of  average  gestational  age  was  8  to 
9. 16  months  old  and  the  median  was  8.35  months  old.  During  the  baseline-prevalence 
years  the  range  of  the  average  gestational  age  was  8.5  to  10.25  months  old  and  the 
median  was  9.625  months  old. 

Figure  2.22:  Average  Gestational  Age  in  Months  for  Thoroughbred  Fetuses  at  the 
Time  of  the  Tcpfospira-Induced  Abortion  (All  Years,  High  Prevalence  Years,  and 

Baseline  Prevalence  Years) 
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Figure  2.22  indicates  the  average  gestational  age  of  the  fetus  at  the  time  of 
abortion  for  the  total  years,  the  high-prevalence  years,  and  the  baseline-prevalence  years. 
The  average  for  the  total  years  is  approximately  9  months.  The  average  for  the  high- 
prevalence  years  is  approximately  8.5  months.  The  average  for  the  baseline-prevalence 
years  is  almost  a  full  month  greater  at  approximately  9.5  months.  The  average 
gestational  age  for  the  high-prevalence  years  and  the  average  for  the  baseline-prevalence 
years  were  sUitistically  compared  to  show  a  significant  difference  (p  <  0.005). 

Breeding  success  was  also  determined  using  the  mare  data  from  the  Jockey  Club. 
The  confirmed  cases  of  abortions  or  the  mare  being  barren  the  year  following  a 
leptospiral  abortion  are  summarized  in  Table  2.4.  In  a  study  of  Thoroughbred  mares  in 
Kentucky  during  1988  and  1989  foaling  years,  the  average  live  foal  percentage  for  9- 
year  old  mares  was  approximately  78%  (Baker,  1995).  This  serves  as  a  baseline 
comparison  only,  since  all  Kentucky  Thorougbred  mares  were  included  in  Baker’s 
investigation,  whereas  only  149  mares,  most  likely  from  central  Kentucky,  are  included 
in  the  analysis  of  reproductive  success  following  a  leptospira-induced  abortion. 
Additionally,  improved  veterinary  methods  for  enhancing  reproductive  performance  of 
mares  have  progressed  during  the  past  14  years,  also  likely  accounting  for  the  difference 
in  reproductive  success  between  the  studies. 


Table  2.4:  Thoroughbred  Mare  Breeding  Success  in  the  Year  Following  a 

Leptospira  Abortion 


Foaling  Year* 

Total  TB  Mares 
Aborting  or  Barren 
in  the  Year 
Following  a 
Leptospiral 
Abortion 

Total  TB  Mares 
Giving  Birth  to  a 
Live  Foal  in  the 
Year  Following  a 
Leptospiral 
Abortion 

Percentage  of  TB 
Mares  Having  a 
Leptospiral 
Abortion  the  Year 
Following  a 
Leptospiral 
Abortion 

1990 

3 

24 

88.89% 

1991 

1 

6 

85.71% 

1992 

2 

12 

85.71% 

1993 

4 

30 

88.24% 

1994 

0 

2 

100% 

1995 

0 

3 

100% 

1996 

0 

7 

100% 

1997 

1 

8 

88.89% 

1998 

0 

2 

100% 

1999 

2 

4 

66.67% 

2000 

0 

1 

100% 

2001 

4 

25 

86.21% 

2002 

1 

3 

75.00% 

2003 

0 

4 

100% 

Total 

18 

131 

87.92% 

•Foaling  year  2004  is  not  included  because  results  are  not  available 
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Discussion 


Prevalence 

The  LDDC  is  one  of  two  state  diagnostic  laboratories  in  Kentucky.  The  other 
diagnostic  laboratory,  the  Breathitt  Veterinary  Laboratory,  is  located  in  western 
Kentucky.  Historically,  the  farms  in  closer  proximity  to  the  LDDC  will  utilize  the 
facility’s  services.  This  is  especially  true  since,  prior  to  2004,  all  equine  necropsies  were 
performed  free  of  charge.  This  could  mean  that  several  cases  of  leptospira-induced 
abortion  go  undiagnosed  by  the  LDDC  each  year.  For  this  study  the  assumption  was 
made  that  if  a  farm  did  not  utilize  the  LDDC  because  of  geographic  constraints  in  prior 
years,  it  did  not  use  the  LDDC  for  the  same  reasons  in  later  years.  Therefore,  when  the 
number  of  incidents  diagnosed  at  the  LDDC  is  compared  to  the  total  number  of  live 
Thomghbred  foals  bom  in  Kentucky  for  each  Foaling  Year,  the  resulting  prevalence  may 
be  low,  but  is  equally  low  for  each  year. 

A  prevalence  amount  higher  than  or  equal  to  the  average  prevalence  of  .0014  was 
used  to  determine  the  foaling  years  having  a  higher  than  normal  incidence  of  abortion.  In 
other  words,  if  there  were  14  or  more  leptospira-induced  abortions  in  Thoroughbreds  for 
every  10,000  foals  bom  alive  during  a  particular  foaling  year,  that  foaling  year  was 
determined  to  be  a  high-prevalence  year.  The  foaling  years  determined  to  be  those  of 
high  prevalency  were  1990,  1992,  1993, 2001,  and  2004.  The  corresponding  prevalence 
is  marked  in  bold  numbering  in  Table  2.2. 

In  order  to  confirm  the  years  of  high  prevalence.  Table  2.3,  comparing  all  breeds 
diagnosed  with  leptospira-induced  abortions  to  Thoroughbred  foals  bom  alive  in 
Kentucky,  was  analyzed  in  the  same  manner.  In  this  case,  the  average  prevalence  was 
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.0020  and  the  years  of  high  prevalence  were  the  same  as  those  previously  determined 
(1990,  1992, 1993, 2001,  and  2004).  Bold  numbering  in  Table  2.3  marks  the 
corresponding  prevalence  to  these  years. 

Epidemiolo2ical  Curves 

Figure  2. 17  combines  the  High-Prevalence  (HP)  years  and  the  Baseline- 
Prevalence  (BP)  years  and  indicates  the  most  noticeable  differences  in  the  two  curves. 
First,  the  two  curves  begin  during  different  months.  The  HP  curve  begins  in  August  and 
the  BP  curve  does  not  begin  until  October.  Secondly,  the  two  curves  end  in  different 
months.  It  is  once  again  a  two-month  difference,  as  the  HP  curve  ends  in  April  and  the 
BP  curve  does  not  end  until  June.  Thirdly,  the  peak  number  of  incidents  occurs  during 
different  months  in  each  curve.  The  HP  curve  illustrates  an  incident  peak  in  December, 
while  the  BP  curve  illustrates  an  incident  peak  in  January.  Lastly,  it  is  discemable  from 
the  curves  that  the  months  of  November,  December,  and  January  in  the  HP  curve  all 
represent  more  cases  than  the  peak  in  the  BP  curve,  which  occurs  in  January. 

These  curves  represent  the  beginning  of  the  epidemiological  investigation  into  the 
occurrences  of  leptospira-induced  abortions.  The  following  chapters  will  include  weather 
data  for  the  fifteen  years  investigated  in  this  study.  The  weather  data  will  be  analyzed  to 
try  to  determine  if  such  a  dynamic  shift  in  epidemiological  curves  between  those  years 
having  large  numbers  of  leptospiral  abortions  compared  to  those  years  having  average 
numbers  is  re  lated  to  temperature,  precipitation,  or  a  combination  of  both. 

Serovars 

The  serovars  detected  by  the  LDDC  can  be  viewed  in  Figure  2. 18.  The  pie  chart 
shows  that  55%  of  the  abortions  are  specific  to  serovar  pomona.  Another  1 1%  of  the 
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abortions  involve  the  serovar  pomona  and  other  Leptospira  serovars.  Serovar 
grippotyphosa  is  specific  in  8%  of  the  incidents,  while  serovar  hardjo  is  specific  in  only 
1  %  of  the  incidents.  A  serovar  combination  of  icterohaemorrhagiae  and  grippotyphosa 
account  for  2%  of  the  incidents,  and  the  remaining  23%  of  the  incidents  are  caused  by  an 
undetermined  serovar  or  serovar  combination.  Figure  2. 18  shows  that  serovar  pomona  is 
the  most  often  detected  serovar. 

The  most  often  detected  serovar  in  the  occurrences  of  leptospira-induced 
abortions  is  Leptospira  interrogans  serovar  pomona.  Serovar  pomona  was  detected  in 
55%  of  the  total  incidents  of  such  abortions.  It  is  notable  that  the  55%  represented  in 
Figure  2. 1 8  only  includes  those  incidents  in  which  serovar  pomona  was  the  lone  serovar 
detected.  Interestingly,  the  high  leptospira-induced  abortion  foaling  years  of  2001  and 
2004  accounted  for  46  out  of  47  of  the  cases  involving  only  serovar  pomona  (66.67  %  of 
total  cases).  The  baseline  leptospira-induced  abortion  foaling  years  of  2000, 2002,  and 
2003  had  one  case  involving  only  serovar  pomona,  (5.56  %  of  total  cases). 

In  order  to  examine  the  total  involvement  serovar  kennewicki  had  in  leptospira- 
induced  abortion  cases  for  the  five  years  being  studied,  combinations  of  serovars  that 
were  isolated  from  one  incident  were  separated  and  treated  as  an  individual 
identifications.  For  example,  an  incident  involving  the  isolation  of  serovar  pomona  and 
serovar  hardjo  was  broken  down  into  two  separate  incidents,  one  involving  serovar 
pomona  and  one  involving  serovar  hardjo.  The  results  of  this  examination  are  depicted  in 
Figure  2.19. 

Serovar  kennewicki  is  incriminated  in  82%  (72)  of  the  cases  examined  by  the 
LDDC.  Serovar  grippotyphosa  was  incriminated  in  16%  (14)  of  the  cases  and  serovar 
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hardjo  was  incriminated  in  only  2%  (2)  of  the  cases  examined  by  the  LDDC.  Remember 
that  the  number  of  cases  used  for  the  calculation  of  percentage  of  total  cases  is  greater 
because  serovar  combinations  have  been  separated.  Because  of  the  high  traffic  of 
broodmares  into  and  out  of  Kentucky,  it  is  not  possible  to  conclusively  state  that  these 
serovars  are  the  responsible  strains  of  Leptospira  causing  equine  abortions  in  central 
Kentucky,  but  it  is  possible  to  ascertain  that  Leptospira  interrogans  serogroup  Pomona 
serovar  kennewicki  is  a  likely  causative  agent  of  most  abortions. 

Thoroushbred  Mare  Data 

Although  the  Jockey  Club  provided  the  specific  information  used  to  determine 
parity  and  the  age  of  the  mare  at  time  of  the  abortion,  it  was  a  combination  of  Jockey 
Club  data  and  LDDC  data  that  provided  the  gestational  age  of  the  Thoroughbred  fetus  at 
the  time  of  the  abortion.  The  Jockey  Club  data  confirmed  that  the  mare  suffering  the 
abortion  was  a  registered  Thoroughbred  mare  and  the  LDDC  data  provided  the 
gestational  age  of  the  fetus  at  the  time  of  the  abortion.  The  mean  age  of  all  mares  at  the 
time  of  leptospira-induced  abortion  was  9.3  years.  The  mean  parity  for  all  mares  at  the 
time  of  leptospira-induced  abortion  was  3.38.  There  was  no  statistical  difference  between 
the  calculated  averages  in  mare  age  or  parity  for  the  high-prevalence  and  the  baseline- 
prevalence  years. 

In  most  cases  the  submitting  veterinarian  calculates  the  gestational  age  and  the 
age  is  recorded  on  the  LDDC  accession  sheet  at  the  times  of  the  aborted  fetus’ 
submissions.  In  most  cases  the  gestational  age  can  be  regarded  as  accurate  (Dr.  David 
Bolin,  University  of  Kentucky  Livestock  Disease  and  Diagnostic  Center,  personal 
communication,  2004). 


Figure  2.22  indicates  the  average  gestational  age  of  the  fetus  at  the  time  of 
abortion  for  the  total  year,  the  high-prevalence  years,  and  the  baseline-prevalence  years. 
The  average  for  the  total  years  is  approximately  9  months.  The  average  for  the  high- 
prevalence  years  is  approximately  8.5  months.  The  average  for  the  baseline-prevalence 
years  is  almost  a  full  month  greater  at  approximately  9.5  months. 

The  average  gestational  age  for  the  high-prevalence  years  and  the  average  for  the 
baseline-prevalence  years  were  statistically  compared  to  show  a  significant  difference  (p 
<  0.005).  This  finding  suggests  that  the  average  gestational  age  of  foals  at  the  time  of  a 
leptospira-induced  abortion  during  years  of  greater  prevalence  is  significantly  younger 
than  the  average  gestational  age  of  foals  during  years  of  baseline  prevalence. 

Gestational  Ase  and  Eoidemioloeical  Curve 

As  mentioned  earlier,  the  peak  of  the  epidemiological  curve  during  the  years  of 
high-prevalence  is  during  the  month  of  December,  while  the  peak  during  the  years  of 
baseline-prevalence  is  during  January.  This  difference  is  statistically  confirmed  by  the 
significance  in  the  difference  of  gestational  ages  of  the  aborted  fetuses  during  the  years  of 
high-prevalence  and  the  years  of  baseline-prevalence.  The  gestational  age  of  the  aborted 
fetuses  during  the  high-prevalence  years  is  approximately  one  month  younger,  which 
corresponds  to  the  shift  in  epidemiological  curves  from  January  to  December. 


Chapter  3:  Temperature  and  Precipitation  Analysis 

Introduction 

The  data  accumulated  in  Chapter  One  provided  integral  information  to  begin  the 
epidemiological  investigation  of  leptospira-induced  abortions  in  horses  in  central 
Kentucky.  Years  of  high-prevalence  of  such  abortions  were  identified,  as  well  as  years 
having  a  baseline  number  of  abortions.  In  this  chapter  the  high-prevalence  years  average 
precipitation  and  temperature,  the  baseline-prevalence  years  average  precipitation  and 
temperature,  and  the  15-year  average  precipitation  and  temperature  will  be  compared  and 
contrasted. 

The  hypothesis  of  this  investigation  is  that  leptospira-induced  abortions  are  more 
likely  to  occur  when  the  weather  consists  of  milder  temperatures  and  heavier 
precipitation  because  those  conditions  provide  optimum  conditions  for  the  survival  of 
leptospires  in  the  environment.  The  survival  of  more  leptospires  would  suggest  an 
increased  risk  of  exposure  and  possibly  result  in  an  increased  number  of  abortions. 
Previous  work  has  supported  such  a  claim. 

Chapter  one  established  that  one  of  the  most  important  serovars  involved  in  the 
leptospira-induced  abortions  is  kennewicki,  a  member  of  the  Pomona  serogroup.  It  has 
been  found  that  serovar  pomona  can  survive  in  neutral  pH  soil  (6.1-12)  under  moist 
conditions  (15.2  -  31.4%)  for  up  to  74  days  (Zaitsev  et  al.,  1989).  Furthermore,  survival 
has  also  been  established  in  standing  rice-paddy  water  for  7-14  days  while  subjected  to 
temperatures  between  0  and  30  degrees  Celsius  (Ryu  and  Liu,  1967).  The  primary  focus 
of  this  investigation  is  to  determine  if  an  increase  in  precipitation,  milder  temperatures,  or 
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a  combination  of  both  will  increase  the  likelihood  of  leptospira-induced  abortions  in  the 
equine  population  in  central  Kentucky. 

Materials  and  Methods 

Lexington  Climate  Data 

The  University  of  Kentucky  Agricultural  Weather  Department  was  consulted, 
specifically  Dr.  Thomas  Priddy,  as  to  the  best  informational  source  for  temperature  and 
precipitation  data  for  the  bluegrass  region  of  Kentucky.  The  counties  of  the  Kentucky 
bluegrass  region,  Fayette  County  and  the  surrounding  6  counties,  have  the  same  general 
climate  and  experience  few  differences  in  temperature  and  precipitation  (Dr.  Tom  Priddy, 
University  of  Kentucky  College  of  Agriculture,  Weather  Department,  via  personal 
communication,  2004).  Therefore,  gathering  data  from  one  weather  station,  the 
Lexington  Airport  weather  station  in  Fayette  County,  was  satisfactory. 

The  information  was  accessed  via  the  University  of  Kentucky  Agricultural 
Weather  Department’s  website  at  http://wwwagwx.ca.uky.edu.  Once  on  the  website  the 
user  may  choose  “climatology”  by  clicking  on  it.  After  the  “Climatology”  page  loads,  an 
option  for  “Kentucky  Climate  Data”  is  available  approximately  halfway  down  the  page. 
Under  this  option  “Variable  Length  Summary”  was  selected.  This  selection  opens  a 
query  window.  The  station  selected  for  the  query  was  “Lexington”  and  the  dates  were  for 
each  foaling  year  used  in  this  study.  The  interval  chosen  was  for  7  days  and  “screen” 
output  was  designated.  The  “Submit  Choices”  button  was  then  selected  and  the  climate 
report  was  opened  on  the  screen. 

The  climate  reports  were  broken  down  into  seven-day  intervals  beginning  on  July 
1  and  ending  on  June  30“*  the  following  calendar  year  (Foaling  Year).  A  maximum  and 
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minimum  temperature  in  degrees  Fahrenheit  and  an  average  temperature  in  degrees 
Fahrenheit  defined  each  week.  The  maximum,  minimum,  and  average  temperatures  were 
also  defined  by  a  departure  from  the  normal  temperature  for  each  category.  The  report 
also  contains  the  total  precipitation  for  the  week  and  the  departure  from  the  normal 
precipitation 

LDDC  Data  for  Dates  of  Abortion 

As  previously  discussed,  the  LDDC  accession  sheets  and  spreadsheets  were  used 
to  define  the  cases  for  all  breeds  of  horses  having  a  leptospira-induced  abortion.  The 
accession  sheets  also  provided  the  date,  which  was  used  as  the  date  of  abortion  in  this 
study. 

Information  Processing 

Microsoft  Excel  from  Microsoft  Office  2000  SR-1  Ffrofessional  program  was  used 
to  create  spreadsheets  of  data  collected  and  the  graphs  and  charts  that  are  included  in  this 
document. 

Results 

The  following  figures  will  have  an  x-axis  titled  “Weeks”  and  numbered  1  through 
53.  Table  3. 1  indicates  the  dates  for  which  each  numbered  week  corresponds. 


Table  3.1:  Key  for  the  Dates  Comprising  Each  Week  Numbered  in  Chapter 

Three’s  Figures 


Week  Number 

Dates 

1 

July  1  thru  July  7 

2 

July  8  thru  July  14 

3 

July  15  thru  July  21 

4 

July  22  thru  July  28 

5 

July  29  thru  August  4 

6 

August  5  thru  August  1 1 

7 

August  12  thru  August  18 

8 

August  19  thru  August  25 

9 

August  26  thru  September  1 

40 


10 

September  2  thru  September  8 

11 

September  9  thru  September  15 

12 

September  16  thru  September  22 

13 

September  23  thru  September  29 

14 

September  30  thru  October  6 

15 

October  7  thru  October  13 

16 

October  14  thru  October  20 

17 

October  21  thru  October  27 

18 

October  28  thru  November  3 

19 

November  4  thru  November  10 

20 

November  11  thru  November  17 

21 

November  18  thru  November  24 

22 

November  25  thru  December  1 

23 

December  2  thru  December  8 

24 

December  9  thru  December  1 5 

25 

December  16  thru  December  22 

26 

December  23  thru  December  29 

27 

December  30  thru  January  5 

28 

January  6  thru  January  12 

29 

January  13  thru  January  19 

30 

January  20  thru  January  26 

31 

January  27  thru  February  2 

32 

February  3  thru  February  9 

33 

February  10  thru  February  16 

34 

February  17  thru  February  23 

35 

February  24  thru  March  2* 

36 

March  3  thru  March  9 

37 

March  10  thru  March  16 

38 

March  17  thru  March  23 

39 

March  24  thru  March  30 

40 

March  31  thru  April  6 

41 

April  7  thru  April  13 

42 

April  14  thru  April  20 

43 

April  21  thru  April  27 

44 

April  28  thru  May  4 

45 

May  5  thru  May  1 1 

46 

May  12  thru  May  18 

47 

May  19  thru  May  25 

48 

May  26  thru  June  1 

49 

June  2  thru  June  8 

50 

June  9  thru  June  15 

51 

June  16  thru  June  22 

52 

June  23  thru  June  29 

53 

June  30 

*Includes  February  29^  during  leap  years 
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Temperature 

The  results  from  the  temperature  query  performed  on  the  University  of 
Kentucky’s  Agricultural  Weather  website  are  summarized  in  Figures  3. 1  through  3.12. 
Figures  3. 1  through  3.3  illustrate  the  average  weekly  temperatures  for  total  average, 
maximum,  and  minimum  temperatures  for  all  15  of  the  years  included  in  the  study. 
Figures  3.4  through  3.6  illustrate  the  same  averages,  but  the  years  of  high-prevalence  are 
the  only  years  included.  Figures  3.7  through  3.9  correspond  to  the  baseline-prevalence 
years.  Contrasts  of  the  total  years,  the  high  prevalence  years,  and  the  baseline-prevalence 
years  are  provided  in  Figures  3. 10  through  3.12.  An  additional  figure.  Figure  3.13,  has 
been  added  to  provide  a  better  illustration  of  differences  in  the  15-year,  high-prevalenee 
years,  and  baseline-prevalence  years  temperature  curves. 

Figure  3.1:  Average  Weekly  Temperature  for  Foaling  Years  1990  -  2004  in  Degrees 

Fahrenheit 


Weeks 
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Figure  3.2:  Average  Maximum  Weekly  Temperature  for  Foaling  Years  1990  -  2004 

in  Degrees  Fahrenheit 


Weeks 


Figure  3.3:  Average  Minimum  Weekly  Temperature  for  Foaling  Years  1990  —  2004 

in  Degrees  Fahrenheit 


Weeks 
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Figure  3.4:  Average  Weekly  Temperature  for  High-Prevalence  Foaling  Years,  1990, 
1992, 1993, 2001,  and  2004,  in  Degrees  Fahrenheit 


Weeks 


Figure  3.5:  Average  Weekly  Maximum  Temperature  for  High-Prevalence  Foaling 
Years,  1990, 1992, 1993, 2001,  and  2004,  in  Degrees  Fahrenheit 
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Figure  3.6:  Average  Weekly  Minimum  Temperature  for  High-Prevalence  Foaling 
Years,  1990, 1992, 1993, 2001,  and  2004,  in  Degrees  Fahrenheit 


Weeks 


Figure  3.7:  Average  Weekly  Temperature  for  Baseline-Prevalence  Foaling  Years, 
1991, 1994-2000, 2002,  and  2003,  in  Degrees  Fahrenheit 


Weeks 
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Figure  3.8:  Average  Weekly  Maximum  Temperature  for  Baseline-Prevalence 
Foaling  Years,  1991, 1994-2000, 2002,  and  2003,  in  Degrees  Fahrenheit 


Weeks 


Figure  3.9:  Average  Weekly  Minimum  Temperature  for  Baseline-Prevalence 
Foaling  Years,  1991, 1994-2000, 2002,  and  2003,  in  Degrees  Fahrenheit 


46 


Figure  3.10:  Combination  of  Average  Weekly  Temperature  for  15  Year,  High- 
Prevalence  Years,  and  Baseline-Prevalence  Years  in  Degrees  Fahrenheit 


Figure  3.11:  Combination  of  Average  Weekly  Maximum  Temperature  for  15  Year, 
High-Prevalence  Years,  and  Baseline-Prevalence  Years  in  Degrees  Fahrenheit 


47 


Figure  3.12:  Combination  of  Average  Weekly  Minimum  Temperature  for  15  Year, 
High-Prevalence  Years,  and  Baseline-Prevalence  Years  in  Degrees  Fahrenheit 
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Figure  3.13;  Combination  of  Average  Weekly  Temperature  for  15  Year,  High- 
Prevalence  Years,  and  Baseline-Prevalence  Years  in  Degrees  Fahrenheit  (Section 

Enlargement) 
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The  hypothesis  for  this  study  is  that  more  leptospira-induced  abortions  occur  in 
the  horse  population  in  the  bluegrass  region  of  Kentucky  if  temperature  remains  milder 
than  normal  and  the  precipitation  is  higher  than  normal.  The  data  collected  and  archived 
by  the  Lexington  Airport  Weather  Station  and  accessed  through  the  University  of 
Kentucky’s  Agricultural  Weather  website  contrasts  in  temperature  between  periods  and 
trends  during  periods  were  analyzed. 

The  first  aspect  studied  in  temperature  was  the  departure  from  an  average  weekly 
temperature  for  the  1 5-year  period  of  the  study  (Figure  3. 1 ).  This  was  accomplished  by 
comparing  the  average  weekly  temperature  for  the  high-prevalence  years  (Figure  3.4)  and 
for  the  baseline-prevalence  years  (Figure  3.7)  with  the  15-year  average.  The  comparison 
can  be  seen  in  Figure  3. 10. 

Looking  at  Figure  3. 10,  there  appears  to  be  symmetry  in  all  three  lines  plotted 
except  for  two  points.  The  week  of  October  2 1*‘  through  October  27*  marks  an  8  degree 
Fahrenheit  increase  in  temperature  during  the  high  prevalence  foaling  years  compared  to 
the  baseline-prevalence  foaling  years,  and  a  5  degree  Fahrenheit  increase  in  temperature 
from  the  1 5 -year  average.  December  16*  through  December  22"^  represents  the  second 
most  noticeable  difference  in  temperature  plots.  There  is  a  12.5  degree  Fahrenheit 
decrease  in  temperature  between  the  high-prevalence  foaling  years  compared  to  the 
baseline-prevalence  foaling  years  and  an  8.5  degree  Fahrenheit  decrease  in  temperature 
from  the  1 5-year  average.  Alone  these  points  provide  little  information,  but  analysis  of 
the  temperatures  6  weeks  prior  to  these  specific  points  shows  some  subtle  trends  in 
temperature.  The  incubation  time  for  leptospiral  abortions  in  the  horse  has  been 
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estimated  to  be  6  weeks  (Dr.  Mike  Donahue,  LDDC,  via  personal  communication,  2004) 
and  thus,  the  six-week  time  frame. 

Six  weeks  prior  to  the  week  of  October  2 1®*  is  the  week  of  September  9*. 
September  9*  through  September  22*“*  show  little  deviation  in  temperature  during  the 
high-prevalence  and  baseline-prevalence  years.  The  next  five  weeks,  however,  do  show 
a  difference  in  the  temperature  trends  between  the  high-prevalence  and  baseline- 
prevalence  years.  As  illustrated  in  Figure  3. 13,  the  baseline-prevalence  years  average 
temperature  steadily  decreases  (73  degrees  Fahrenheit  to  60  degrees  Fahrenheit)  through 
the  September  23"*  through  November  3"*  period.  The  high-prevalence  years  average 
remains  between  65  degrees  Fahrenheit  and  70  degrees  Fahrenheit  during  this  same 
period.  The  temperature  curves  realign  during  the  week  of  November  4*;  however, 
November  25***  through  December  1®*  starts  to  show  differences  once  again.  The  average 
temperature  for  the  high-prevalence  years  are  cooler  than  the  average  temperature  for  the 
baseline-prevalence  years  leading  into  the  week  of  December  16***,  the  second  point  of 
interest. 

Leading  up  to  December  lb***  there  are  three  weeks  of  cooler  temperatures  during 
the  high-prevalence  years  compared  to  the  baseline-prevalence  years.  The  week  of 
December  lb**"  represents  the  peak  difference  in  temperature,  12.5  degrees  Fahrenheit 
cooler  in  the  high-prevalence  years.  The  weeks  following  December  16*  represent  a 
return  to  the  15-year  average  and  little  differences  can  be  seen  between  the  average 
temperatures  of  the  high-prevalence  years  and  the  baseline-prevalence  years  as  they  both 
begin  to  increase  into  the  summer  months. 
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To  summarize  the  findings  of  temperature  differences  between  the  high- 
prevalence  and  the  baseline-prevalence  years,  the  portion  of  Figure  3  .10  containing  the 
previously  discussed  trends  has  been  enlarged  in  Figure  3. 13.  The  temperature  average 
maximums  and  average  minimums  plotted  in  Figures  3.4  through  3.9  are  used  to 
illustrate  the  continuity  in  the  temperatures  recorded  in  the  average  weekly  temperature. 
For  example,  the  week  of  October  21^  has  a  higher  average  temperature  during  the  high 
prevalence  years.  The  same  week  shows  a  higher  average  maximum  temperature  (Figure 
3.1 1)  and  a  higher  average  minimum  temperature  (Figure  3.12)  then  the  baseline- 
prevalence  years.  This  indicates  that  it  most  likely  a  trend  increase  rather  than  one 
temperature  high  or  low  causing  an  extreme  fluctuation. 

Precipitation 

The  first  look  at  average  precipitation  was  done  on  a  yearly  basis  (Figure  3. 14). 
The  yellow  bar  represents  the  15  year  average,  the  red  bars  represent  the  years  of  high- 
prevalence,  and  the  blue  bars  represent  the  baseline-prevalence  years.  Since  yearly 
precipitation  did  not  appear  to  show  any  trends  in  amount  of  precipitation  versus 
incidents  of  leptospiral  abortions,  the  precipitation  totals  were  also  done  on  a  weekly 
basis  (Figures  3. 1 5  through  3. 1 8).  Additionally,  Figure  3. 19  shows  an  enlargement  of  the 
precipitation  totals  for  weeks  3  through  1 8.  The  weeks  included  in  this  figure  have 
shown  to  have  different  temperature  trends  in  the  high-prevalence  years  and  baseline 
prevalence  years,  and  a  closer  look  shows  any  differences  in  trends  in  precipitation  totals. 
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Figure  3.14:  Average  Yearly  Precipitation  in  Inches  for  Foaling  Years  1990-2004 
and  a  15  Year  Average  Precipitation  for  the  Same  Foaling  Years 
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Figure  3.15:  Average  Weekly  Precipitation  in  Inches  for  Foaling  Years  1990-2004 
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Figure  3.16:  Average  Weekly  Precipitation  in  Inches  for  High-Prevalence  Foaling 

Years  1990, 1992, 1993, 2001,  and  2004 
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Figure  3.17;  Average  Weekly  Precipitation  in  Inches  for  Baseline-Prevalence 
Foaling  Years  1991, 1994  -2000, 2002,  and  2003 
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Figure  3.18;  Comparison  of  Weekly  Precipitation  Totals  for  15-Year  Average, 
High-Prevalence  Year  Average,  and  Baseline-Prevalence  Year  Average 
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Figure  3.19:  Comparison  of  Weekly  Precipitation  Totals  for  15-Year  Average, 
High-Prevalence  Year  Average,  and  Baseline-Prevalence  Year  Average  (Section 

Enlargement) 
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Figure  3. 14  illustrates  the  yearly  totals  of  precipitation  in  inches  for  the  bluegrass 
region  of  Kentucky.  Red  bars  indicate  the  high-prevalence  years,  the  baseline-prevalence 
years  by  blue  bars,  and  the  lone  yellow  bar  represents  the  fifteen-year  average 
precipitation.  Recalling  that  the  hypothesis  asserts  higher  than  average  precipitation  as  a 
contributing  factor  to  the  high  prevalence  years  of  leptospira-induced  abortions,  it  is  not 
evident  in  this  chart.  Four  of  the  five  high  prevalence  years  have  annual  precipitation 
totals  less  than  the  15-year  average,  with  2004  being  the  only  year  having  a  higher  total 
precipitation.  There  is  also  no  discemable  difference  between  the  precipitation  totals  of 
the  high-prevalence  years  and  the  baseline-prevalence  years.  Both  sets  of  years  exhibit 
random  totals  of  annual  precipitation.  These  results  required  breaking  down  the  totals  of 
precipitation  into  the  same  weeks  used  to  determine  temperature  trends. 

Figure  3. 1 8  compares  the  weekly  precipitation  totals  for  the  high-prevalence 
years,  baseline-prevalence  years,  and  the  15-year  average.  As  this  chart  makes  evident, 
the  precipitation  totals  vary  from  week  to  week,  regardless  of  season  or  time  of  year. 

Like  the  temperature  comparison,  however,  there  are  some  notable  points  of  interest. 
Figure  3.19  extracts  the  area  of  the  chart  pictured  in  Figure  3.18  found  to  be  most 
intriguing. 

Figure  3. 19  depicts  a  vast  difference  in  precipitation  totals  at  several  points. 

Before  interpreting  these  points,  however,  it  is  important  to  identify  any  extreme  total 
occurring  in  a  single  year,  which  could  offset  the  average.  Extreme  precipitation  totals 
were  analyzed  for  both  individual  high-prevalence  years  and  individual  baseline- 
prevalence  years.  The  examination  of  the  extreme  values  in  precipitation  totals  in 
relation  to  Figure  3. 19  does  not  prevent  the  analysis  of  this  figure.  The  extreme  values. 
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when  included,  only  prevent  the  differences  between  the  high-prevalence  year 
precipitation  totals  and  the  baseline-prevalence  year  precipitation  totals  from  being 
greater.  Therefore  it  is  possible  to  make  the  following  interpretation  of  Figure  3. 19. 

The  high-prevalence  years’  precipitation  totals  are  marked  by  a  week  of 
significant  precipitation  followed  by  two  or  more  weeks  of  decreasing  precipitation.  For 
example,  the  week  of  August  5**'  has  a  recorded  total  of  1 .352  inches  of  precipitation. 

The  following  two  weeks  have  totals  of  0.714  inches  and  0.534  inches.  The  next  week, 
August  26*’’  through  September  1®*,  has  a  marked  increase  in  average  precipitation  at  1.12 
inches. 

The  baseline-prevalence  years  through  this  same  weekly  time  period,  August  5*** 
through  September  1®‘,  have  the  weekly  average  precipitation  totals  of  0.705, 0.715, 
0.768,  and  0.441  inches.  Therefore  the  same  pattern  of  heavy  precipitation  followed  by 
light  precipitation  is  not  as  evident  during  the  baseline-prevalence  years. 

Temperature  and  Precipitation 

It  is  likely  that  if  the  prevalence  of  leptospira-induced  abortions  is  influenced  by 
temperature  and  precipitation  and  that  the  two  act  in  tandem  to  cause  the  effect.  As 
mentioned  e;irlier,  the  most  likely  cause  of  death  of  a  leptospire  in  the  natural 
environment  is  desiccation.  Therefore,  it  could  be  assumed  that  high  heat  and  lack  of 
water  would  shorten  the  lifespan  of  this  spirochete.  Conversely,  it  could  be  assumed  that 
mild  temperatures  and  an  adequate  supply  of  water  could  prolong  the  life  of  the 
organism.  Based  upon  the  information  collected  for  temperature  and  precipitation  in  this 
study  the  following  conclusion  can  be  made. 
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In  the  months  leading  up  and  into  October  during  the  years  of  high  prevalence, 
milder  temperatures  are  seen,  followed  by  a  spike  in  temperature  during  the  last  two 
weeks  of  October  (Figure  3.13).  This  spike  is  not  particularly  an  increase  in  temperature, 
however,  it  is  a  prolonging  of  temperatures  in  the  65  to  70  degree  Fahrenheit  average 
range  for  a  couple  of  weeks.  Simultaneously,  the  weekly  precipitation  is  following  a 
cycle  of  heavy  precipitation  (greater  than  1 .0  inches)  followed  by  two  or  more  weeks  of 
light  precipitation  (Figure  3. 19).  Meanwhile  during  the  baseline-prevalence  years  the 
average  weekly  temperature  has  been  steadily  decreasing  since  early  September  (nearly 
2.5  degrees  Fahrenheit  a  week)  and  average  weekly  precipitation  totals  have  been  1.0 
inch  or  less  since  July  (Figure  3. 19). 

Discussion 

It  is  likely  that  the  extension  of  the  mild  temperatures  prolong  the  warmth  of  the 
soil  containing  the  leptospires.  The  limestone  in  the  bluegrass  region  soil  helps  to 
maintain  a  relatively  neutral  pH  (Dr.  Dennis  Hancock,  University  of  Kentucky  College  of 
Agriculture,  via  personal  communication,  2004).  Meanwhile  the  heavy  precipitation 
moistens  the  soil  and  in  some  area  could  cause  standing  water,  which  would  bring  the 
leptospires  to  the  surface  for  ingestion.  These  conditions  could  cause  the  earlier  onset  of 
the  cases  of  leptospira-induced  abortion  and  the  increase  in  prevalence.  If  more 
organisms  are  surviving  in  the  environment,  more  horses  are  likely  to  be  exposed  to 
leptospires. 

The  drop  in  temperatures  during  the  month  of  December  in  high-prevalence  years 
to  temperatures  below  the  baseline-prevalence  years,  coinciding  with  a  close  return  to  the 
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15-year  average  for  precipitation  during  this  time,  could  explain  why  the  numbers  of 
abortions  do  not  continue  throughout  the  foaling  year.  The  leptospires  are  no  longer  able 
to  survive  as  long  in  the  environment. 

Furthermore,  the  activity  of  reservoir  species  for  leptospirosis  might  be  related  to 
the  temperature  and  precipitation  as  well  as  the  leptospires  themselves.  Prolonging 
warmer  temperatures  might  increase  the  amount  of  time  a  reservoir  species  spends  in 
horse  populated  areas.  This  increased  amount  of  time  could  increase  the  chance  of  an 
area  becoming  contaminated  with  leptospires  through  the  animal’s  urine.  Additional 
studies  would  have  to  be  done  to  determine  the  exact  reservoir  species  and  the  effects  of 
weather  on  those  species. 


Chapter  Four:  Near  Real-Time  Analysis  of  Foaling  Year  2004 
Introduction 

The  2004  foaling  year  was  a  foaling  year  of  high  prevalence.  There  were  36  cases 
of  leptospira-induced  abortion  diagnosed  by  the  LDDC  in  all  breeds  of  horses  located  in 
the  bluegrass  region  of  Kentucky.  Thoroughbreds  were  the  confirmed  breed  of  horse  in 
24  of  the  cases.  The  prevalence  rates  established  in  Chapter  Two  for  the  2004  foaling 
year  were  .0017  (Thoroughbreds  only)  and  .0026  (all  breeds). 

Because  the  2004  year  was  a  high-prevalence  year,  further  investigative  strategies 
were  employed.  First,  a  questionnaire  was  designed  and  delivered  to  those  farms 
participating  in  the  study.  While  questionnaires  can  be  confounded  by  recall  bias,  this 
questionnaire  was  delivered  during  the  same  year  that  the  abortion  occurred  thus  limiting 
the  need  for  long-term  recall.  Also,  most  of  the  farms  examined  in  this  study  were  major 
commercial  operations  that  painstakingly  tracked  the  horses  on  the  farm  and  surveyed  the 
land  regularly. 

In  addition  to  the  questionnaire,  farm  visits  were  accomplished  to  those  farms 
participating  in  the  study.  For  the  first  time  in  an  investigative  study  into  leptospira- 
induced  abortions  in  equines,  a  global  positioning  system  (GPS)  receiver  was  used  to 
mark  the  pasture  that  the  mare  was  in  6  weeks  prior  to  her  abortion  by  latitude  and 
longitude.  The  coordinates  were  than  uploaded  into  geographical  information  system 
(GIS)  software  to  analyze  patterns  of  occurrence  and  the  potential  for  leptospire 
transmission  through  water.  Major  waterways  were  examined  as  well  as  watershed  data. 
Watershed  data  indicates  the  natural  flow  of  water  over  an  area  of  land  as  precipitation 
falls  onto  that  area  or  when  flooding  occurs. 
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Materials  and  Methods 


Questionnaire 

A  leptospirosis  questionnaire  (Appendix  B)  was  created  using  similar  techniques 
applied  when  the  University  of  Kentucky  Gluck  Equine  Research  Center  created  a 
questionnaire  concerning  Mare  Reproductive  Loss  Syndrome  (MRLS)  in  the  2001 
foaling  year  (http://www.uky. edu/AgricultureA/^etScience/mrls/200 1/questionnaire.htm). 
The  MRLS  questionnaire  was  quite  long  (1 1  pages)  because  the  cause  of  syndrome  was 
unknown.  Because  previous  research  has  been  accomplished  on  leptospirosis  a  more 
concise  questionnaire  was  created  (3  pages).  The  conciseness  of  the  questionnaire  was 
designed  for  maximum  cooperation  from  the  farm  managers  in  this  study. 

The  farms  in  the  bluegrass  region  of  Kentucky  that  had  an  incident  of  leptospira- 
induced  abortion  during  the  2004  foaling  year  confirmed  by  the  LDEXT  were  contacted 
and  asked  to  participate  in  the  study.  The  farms  were  contacted  through  a  systematic 
process.  First,  the  farm  veterinarian  was  reached  via  telephone  and  permission  was 
requested  to  include  his/her  client’s  farm  in  the  study.  If  the  veterinarian  found  the  study 
acceptable,  the  farm  manager  was  then  contacted.  If  the  farm  manager  agreed  to 
participate  in  the  study,  a  copy  of  the  questionnaire  was  mailed  or  faxed  to  the  farm 
manager  and/or  the  farm  veterinarian.  The  questioimaires  were  collected  by  mail  or  by 
facsimile.  In  some  cases  the  questionnaires  were  collected  when  the  farms  were  visited 
in  the  summer  of  2004. 

Farm  Visits 

Of  the  25  farms  with  leptospira-induced  abortions  detected  by  the  LDDC  for  FY 
2004, 22  farms  were  located  in  the  bluegrass  region.  Visits  to  each  farm  agreeing  to 
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participate  in  the  study  out  of  the  22  located  in  the  bluegrass  region  were  conducted 
during  the  summer  of  2004  (June  through  August).  This  time  period  was  selected  for  the 
visits  because  it  was  the  least  intrusive  into  the  farms’  daily  schedules  and  there  were 
only  two  major  Thoroughbred  sales  events  during  this  period  (occurs  in  early  August). 
The  primary  breeding  season  was  coming  to  an  end  or  over  in  most  cases  and  sales 
preparation  of  Thoroughbred  yearlings  was  in  progress. 

The  farm  visit  provided  the  opportunity  to  review  the  questionnaire  with  the  farm 
manager,  to  gather  further  information,  and  to  tour  the  farm  in  order  to  view  and  record 
an  accurate  depiction  of  the  layout.  The  farm  layout  was  analyzed  in  terms  of  water  flow, 
wooded  areas,  and  areas  of  standing  water.  These  environmental  factors  were  being 
investigated  as  potential  factors  increasing  the  risk  of  exposure  to  leptospires  by  horses. 

The  most  important  aspect  of  the  farm  visitation  was  the  use  of  a  Global 
Positioning  System  (GPS)  to  determine  the  exact  latitude  and  longitude  of  the  field  that 
the  mare  was  in  6  weeks  prior  to  her  abortion.  If  the  mare  was  in  several  fields  during 
this  6-week  period,  a  reading  was  taken  in  each  field.  However,  there  was  only  one  farm 
that  had  multiple  pastures  (2)  for  the  same  mare. 

Global  Positioning  System  (GPS)  and  Geo2raphical  Information  Systems  (GIS) 

During  the  visits  conducted  to  each  farm  a  Global  Positioning  System  (GPS) 
receiver  (Garmin  International  Inc,  Olathe,  Kansas,  model  Rino  110)  was  employed.  The 
pasture(s)  that  the  mare  was/were  located  in  six  weeks  prior  to  the  abortion  were 
established  and  the  farm  manager  determined  the  approximate  center  of  the  pasture.  The 
GPS  receiver  was  taken  to  this  location  and  the  latitude  and  longitude  was  noted.  This 
process  was  completed  on  each  participating  farm. 
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Following  the  compilation  of  geographical  points  for  the  pastures,  the  GPS 
receiver  was  taken  to  the  University  of  Kentucky  College  of  Agriculture  where  the  data 
collected  was  uploaded  into  Geographical  Information  Software  (GIS)  (ESRI,  Redlands, 
California,  ARC  GIS  Version  8. 1  and  Garmin  International  Inc,  Olathe,  Kansas,  GPS 
Utility  Version  4. 10.5)  by  Dr.  Dennis  Hancock,  an  extension  associate  for  precision 
agriculture  at  the  University  of  Kentucky  College  of  Agriculture. 

The  software  takes  the  geographic  points  collected  by  the  GPS  unit  and  applies 
them  to  accurate  geographical  representations  of  the  state  of  Kentucky.  The  projection 
map  that  was  used  in  this  study  was  a  representation  available  on  the  internal  computer 
services  at  the  University  of  Kentucky  College  of  Agriculture  and  is  titled  “Kentucky 
State  Plane  North”.  This  projection  allows  the  geographical  points  collected  at  each  farm 
to  be  accurately  depicted  on  a  map  of  the  bluegrass  region  of  Kentucky  that  includes 
outlines  of  the  counties  involved. 

In  six  cases  the  GPS  receiver  malfunctioned  and  the  address  of  the  farm  was  used 
to  create  a  geographical  point  on  the  map.  The  geographical  point  was  double-checked 
and  moved  to  the  correct  pasture,  when  possible,  using  satellite  photos  from 
www.terraserver.com  and  comparing  those  satellite  photos  to  the  maps  drawn  at  the  time 
of  the  farm  visit. 

One  of  the  primary  objectives  of  the  GPS  process  was  to  determine  the  proximity 
of  water  to  the  pastures  where  the  mares  experiencing  leptospira-induced  abortions  were 
located.  Using  the  “Kentucky  State  Plane  North”  representation  of  the  points  created 
previously  and  applying  overlays  of  hydrography  data  obtained  from  the  Kentucky  Office 
of  Geospatial  Information  (University  of  Kentucky  College  of  Agriculture’s  Access)  the 
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major  and  minor  waterways,  and  the  watershed  data  could  be  analyzed  in  relation  to 
pasture  location. 

Confidential itv  Agreements 

This  investigation  relied  heavily  on  data  collected  from  the  participating  farms  in 
the  form  of  surveys,  visits,  and  the  use  of  a  global  positioning  system  (GPS). 
Confidentiality  agreements  (Appendix  C)  were  distributed  to  farms  participating  in  this 
study.  This  agreement  states  that  the  data  collected  will  be  used  only  for  scientific 
research  and  is  exempt  from  disclosure  pursuant  to  KRS  61.878  (l)(b). 

Results 

Questionnaire 

The  questionnaire  (Appendix  B)  was  created  and  disseminated  to  22  farms  in  the 
bluegrass  region  of  Kentucky  that  experienced  a  leptospira-induced  abortion  during  the 
2004  foaling  year.  The  equine  cases  confirmed  by  the  LDE)C  were  included  in  the 
survey.  Twenty-two  farms  met  the  eligibility  to  complete  the  survey,  all  farm 
veterinarians  agreed  to  the  study,  and  of  those  22  farms,  16  (73%)  returned  the  completed 
survey  to  the  researcher.  Farm  visits  were  completed  on  14  of  the  16  farms  that  returned 
the  survey,  with  two  farm  managers  that  never  returned  the  survey  despite  numerous 
reminders,  fherefore  farm  visits  were  conducted  on  approximately  73%  of  the  farms 
eligible,  however,  two  of  the  farms  are  different  than  those  in  the  73%  that  returned  the 
questionnaire.  Every  attempt  was  made  to  contact  farms  that  did  not  return  the  survey 
nor  allow  for  farm  visits.  The  omission  of  these  farms  from  this  study  are  the  result  of 
unretumed  phone  calls,  chronic  rescheduling  of  appointments,  and  the  inability  to  make 
contact  with  the  farms. 
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The  average  number  of  mares  that  aborted  on  each  farm  returning  the 
questionnaire  was  1 .5  with  a  median  of  1 .0,  and  a  range  of  1  to  3.  Mare’s  urine  was 
tested  for  Leptospira  shedding  on  4  of  the  16  (25%)  farms  following  a  leptospirosis 
diagnosis.  No  information  was  provided  concerning  when  the  testing  was  conducted  nor 
the  length  of  time  the  shedding  of  the  spirochete  persisted. 

Analysis  of  the  questionnaire  indicated  that  20  pastures  were  involved  on  the  16 
different  fams  and  50%  of  these  pastures  contained  some  form  of  water.  Four  pastures 
were  identified  as  having  areas  of  standing  water  only;  three  pastures  had  streams 
flowing  through  them;  one  pasture  had  a  small  pond  within  its  perimeter;  and  one  pasture 
had  a  stream,  a  small  pond,  and  areas  of  standing  water  on  it.  Additionally,  one  pasture 
had  a  wooded  area  within  the  fence  perimeter;  eight  pastures  had  wooded  areas  outside  of 
the  fencing  and  in  close  proximity;  while  2  pastures  had  wooded  areas  within  and  in  close 
proximity  outside  of  the  fencing  perimeter.  These  responses  were  confirmed,  when  able, 
during  farm  visitations.  Six  farms  had  more  than  one  incident  of  leptospira-induced 
abortion  on  the  farm.  Three  of  the  multi-abortion  farms  kept  the  mares  in  separate  fields 
during  the  6-week  incubation  period  previously  established  and  three  farms  kept  multiple 
leptospira-mduced  abortion  having  mares  in  same  field  6  weeks  prior  to  the  abortion. 

Rodent  problems  in  the  stables  were  indicated  by  only  one  farm  (6%),  while 
rodent  problems  in  the  feed  area  and  the  stables  were  indicated  by  two  farms  (12.5%). 

One  farm  manager  replied  that  other  horses  on  the  farm  did  test  positive  for  leptospirosis, 
but  no  forms  indicated  leptospirosis  in  other  species  on  the  farm.  Fourteen  of  the  1 6 
farms  (87.5%)  treated  the  mare  with  medication  as  a  response  to  a  leptospirosis  diagnosis 
either  prior  to  or  after  the  abortion.  Oxytetracycline  was  used  as  the  medication  on  3  of 
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the  farms  (21.43%),  tetracycline  was  used  as  the  medication  on  5  of  the  farms  (35.71%), 
and  the  other  6  farms  (42.86%)  did  not  specify  the  medication  administered.  Fourteen  of 
the  farms  (63.64%)  isolated  the  mare  after  leptospirosis  diagnosis.  The  median  time  of 
isolation  was  4  weeks  with  a  range  of  1  week  to  12  weeks.  Eight  of  the  farms  used 
preventative  measures  on  the  other  horses  on  the  farm  to  protect  them  leptospirosis: 
seven  of  the  farms  administered  medication  to  the  other  horses  and  one  farm 
administered  medication  and  tested  the  water  sources. 

Of  the  23  mares  on  the  16  farms,  22  were  bred  in  the  2005  foaling  year;  21  of  the 
22  (95%)  mares  were  pregnant  as  of  the  questionnaire  return  in  August  2004.  None  of 
the  farms  had  tested  foals  for  Leptospira  shedding  in  their  urine  if  bom  to  a  mare  that 
tested  positive  for  leptospirosis  in  previous  years.  None  of  the  farms  administered  the 
cattle  vaccine  as  a  preventative  measure  for  Leptospira  infection. 

Among  the  farms  that  returned  the  survey,  the  presence  of  wildlife  was 
determined  by  using  the  replies  “sometimes”  (S),  “often”(0),  and  “never”  (N).  Table  4. 1 
indicates  the  presence  of  wildlife  on  the  farms  as  indicated  by  the  farm  managers.  The 
farm  managers,  or  those  completing  the  survey,  made  additional  comments  that 
supix)rted  the  results  seen  in  Table  4.1. 
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Table  4.1:  Presence  of  Wildlife  on  16  Central  Kentucky  Farms  as  Reported  by 


Mice  and  Rats 

0=2,  S=8,N=6 

Raccoons 

0=7,  S=6,  N=2 

Coyotes 

0=2,S=11,N=3 

Deer  and  Elk 

0=1,S=7,N=8 

Waterfowl 

0=8,  S=6,  N=2 

Bats 

0=2,  S=6,  N=8 

Opossums 

0=2,  S=12,  N=2 

Skunks 

0=4,  S=10,N=2 

Foxes 

0=2,  S=1 1,  N=3 

Global  Positioning  System  (GPS)  and  Geoeraphical  Information  System  (GIS) 

The  first,  and  most  important,  thing  that  a  Global  Positioning  System  (GPS) 
receiver  does  for  the  researcher  is  help  to  pinpoint  where  the  cases  occurred.  The 
coordinates  were  than  uploaded  from  the  GPS  receiver  into  the  Geographical  Information 
System  (GIS)  software.  The  GIS  software  created  a  map  of  the  bluegrass  region  of 
Kentucky  with  the  latitude  and  longitude  of  each  case  marked  by  a  green  dot  on  the  map. 
The  green  dots  become  larger  as  the  incident  occurs  later  in  the  gestational  period  for  the 
foaling  year  of  2004.  The  map  is  pictured  in  Figure  4. 1 . 

Analysis  of  pasture  in  relation  to  waterways  was  also  mapped.  Figure  4.2  shows 
the  GIS  representation  of  the  locations  of  the  incidents  as  they  occurred  through  time  in 
their  proximity  to  the  major  waterways  in  the  bluegrass  region  of  Kentucky. 
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Figure  4.3  adds  the  watershed  data  for  the  bluegrass  region  of  Kentucky  to  the 
major  waterway  data  and  the  location  of  the  incidents  through  time.  Watershed  data 
indicates  the  flow,  or  run-off,  of  water  toward  major  waterways  following  rainfall.  The 
Kentucky  watershed  data,  in  blue,  moves  toward  the  Kentucky  River  (southwest).  The 
Licking  River  watershed  data,  in  purple,  flows  westward  toward  the  Licking  River. 
Therefore  the  boundary  line  where  the  two  watershed  areas  meet  can  be  seen  as  a 
separation  point  for  direction  of  watershed.  Because  the  representation  of  watershed  data 
is  detailed,  the  map  has  been  separated  into  six  sections  and  enlarged  (Figures  4.4 
through  4.8). 
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Figure  4.6:  Geographical  Information  System  (GIS)  Map  Indicating  Locations  of  Leptospira-Induced  Abortions  Occurring  ii 
the  Bluegrass  Region  of  Kentucky  During  the  Gestational  Period  for  the  2004  Foaling  Year  in  Relation  to  Major  Waterways 
_ and  Minor  Watershed  Areas  in  the  Region  -Northern  Fayette  County. _ 

IlncUlonte  Near  Major  and  Minor  Waterways  of  the  Kentucky  (Blue) 
nnd  Licking  River  (Purple)  Watersheds  2003-04 
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Discussion 


One  primary  hypothesis  for  this  study  was  that  milder  temperatures  and  periods  of 
increased  precipitation  contribute  to  higher  prevalence  of  a  leptospira-induced  abortion  in 
the  bluegrass  region  of  Kentucky.  While  the  majority  of  the  study  was  done 
retrospectiv  ely,  the  high  occurrence  of  the  abortions  during  the  2004  foaling  year  allowed 
for  a  more  real-time  look  at  the  pasture  condition  and  environment. 

There  was  a  high  percentage  of  cooperation  among  farm  veterinarians  (100%)  and 
farm  managers  (82%)  concerning  this  study.  This  cooperation  allowed  for  more  accurate 
assessments  to  be  made  concerning  the  farm  environment  because  of  the  questionnaire 
return.  Furthermore,  without  access  to  the  pastures  on  the  farms,  the  GPS  part  of  the 
investigation  would  not  have  been  possible. 

One  of  the  most  important  questions  on  the  survey  was  the  identification  of  water 
sources  located  on  the  pastures  where  mares  were  kept  six  weeks  prior  to  the  abortion. 

As  noted  on  questionnaires  and  personal  visits,  only  10  (50%)  of  the  pastures  were 
identified  as  having  a  source  of  water  within  the  fencing.  Interestingly,  4  of  these  10 
pastures  were  identified  as  only  having  standing  water  after  a  period  of  heavy 
precipitation.  This  means  that  out  of  20  pastures  only  6  (30%)  had  a  daily  environmental 
water  source.  This  would  suggest  that,  although  a  water  source  could  contribute  to  the 
spread  of  leptospirosis,  it  is  certainly  not  the  only  method  of  transmission  that  occurred 
during  the  2004  foaling  year. 

Another  response  that  was  of  great  interest  was  the  breeding  status  of  the  mare  for 
the  2005  foaling  year.  Mares  that  aborted  during  the  2004  foaling  year  because  of  a 
leptospiral  infection  showed  little  trouble  in  conceiving  during  the  2005  foaling  year.  As 
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of  September  2004,  all  of  the  study  mares  experiencing  a  leptospira-induced  abortion  in 
foaling  year  2004  that  were  bred  were  pregnant  except  one. 

The  presence  of  wildlife  on  the  farms  was  important  to  establish  in  order  to 
answer  some  questions  concerning  the  transfer  of  leptospira  from  other  animal  species  to 
horses.  The  answers  to  the  survey  suggest  that  the  farms  have  large  numbers  of  raccoons, 
waterfowl,  and  skunks  on  the  property.  Raccoons  and  skunks  have  been  identifred  as 
reservoir  species  for  leptospires,  however,  the  serovar  most  commonly  associated  with 
raccoons  is  grippotyphosa  and  skunks  are  possibly  the  maintenance  carriers  for  serovar 
kennewicki  (Ellis  et  al.,  1983;  Wohl,  1996;  Brown  et  al.,  1996;  Bolin,  1996;  Bimbaum  et 
al.,  1998;  Pilgrim  and  Threllfall,  1999;  Mitchell  et  al.,  1999;  Adin  and  Cowgill,  2000; 
Donahue  and  Williams,  2000;  Sykes,  2001;  Ward,  2004).  The  farms  that  reported  above 
average  populations  of  raccoons  and  skunks  did  not  have  a  mare  abort  in  which  the 
serovar  grippotyphosa  was  involved.  In  fact,  there  was  only  one  case  in  the  2004  foaling 
year  in  which  the  serovar  grippotyphosa  was  involved  and  that  farm  reported  average 
populations  of  raccoons  and  skunks.  In  addition,  the  mare  experiencing  the  abortion 
related  to  infection  by  serovar  grippotyphosa  had  recently  arrived  from  Florida  and  was, 
most  likely,  exposed  to  the  leptospires  prior  to  arriving  in  central  Kentucky. 

Every  farm,  other  than  the  farm  experiencing  a  case  due  to  serovar  grippotyphosa, 
had  serovar  kennewicki  incriminated  by  the  LDEXT  as  the  causative  agent.  If  the  skunk  is 
the  maintenance  carrier  of  serovar  kennewicki,  it  is  probable  that  urinary  shedding  of 
leptospires  by  skunks  might  increase  the  risk  of  equine  exposure  to  leptospirosis  and 
increase  the  rate  of  leptospira-induced  abortions. 
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Birds  are  not  identified  as  carrier  species  of  leptospirosis.  In  fact,  birds  cannot 
contract  the  disease  in  nature  and  are  not  known  to  excrete  leptospires  in  their  urine 
(Davis,  1939).  However,  a  bird  could  possibly  transfer  leptospires  from  one  pasture  to 
another  if  its  feathers  or  body  is  contaminated. 

Recent  studies  have  indicated  that  the  use  of  a  geographical  information  system 
(GIS)  technology  to  analyze  the  cases  of  leptospirosis  in  dogs  in  a  given  area  helps  to 
identify  topographical  features  that  may  help  contribute  to  the  spread  of  the  disease 
(Ward,  2004).  The  locations  of  cases  in  dogs  were  indicated  on  a  map  of  Indiana  in  a 
similar  manner  to  the  marking  of  locations  of  leptospira-induced  abortions  in  horses  in 
the  bluegrass  region  of  Kentucky.  The  use  of  a  GPS  receiver  and  GIS  software  provides 
great  benefits  in  analyzing  the  occurrence  of  incidents  over  time  and  any  relationship  to 
topographical  data. 

As  seen  in  Figure  4.1  the  incidents  of  leptospira-induced  abortion  appear  to  be 
completely  random  as  they  occurred  over  time  in  the  bluegrass  region  of  Kentucky.  If  a 
specific  point  of  origination  was  responsible  for  the  incidents,  the  map  would  show 
clustering  of  small  green  dots  in  one  area  and  green  dots  of  gradually  increasing  size  as 
the  distance  increased  from  the  original  cluster.  There  is  no  evidence  of  a  single 
origination  point  on  Figure  4.1. 

A  particular  interest  in  the  location  of  the  leptospirosis  cases  was  the  proximity  of 
the  cases  to  water.  Indirect  transmission  of  the  leptospires  can  occur  through  waterways, 
such  as  lakes,  rivers,  and  streams  (Faine,  1994c).  This  type  of  indirect  transmission  can 
occur  by  different  means,  such  as  an  animal  in  the  carrier  stage  of  leptospirosis  urinating 
in  the  waterway,  or  wading  birds  transferring  the  leptospires  from  different  environments 
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through  contamination  of  their  feet  (Paine,  1994c).  Therefore  it  is  important  to  look  at 
the  location  of  the  cases  of  leptospira-induced  abortions  through  time  and  the  proximity 
of  those  cases  to  waterways. 

Figure  4.2  adds  the  major  waterways  to  the  same  map  used  in  Figure  4. 1 . 
Although  there  is  no  single  origination  point,  an  analysis  can  now  be  made  to  determine 
if  leptospires  could  be  transferred  from  one  point  to  another  via  a  waterway  in  close 
proximity.  The  flow  of  the  waterways  on  the  map  can  be  explained  by  treating  the  blue 
waterway  depictions  of  branches  from  a  tree.  The  smallest  limbs  (streams)  are  the 
terminal  blue  lines  on  the  map.  These  small  limbs  flow  into  a  much  larger  branch  (small 
river  or  large  stream),  which  in  turn,  flows  into  the  trunk  of  the  tree  (major  river). 
Therefore  the  water  flows  from  small  blue  lines  to  larger  blue  lines. 

If  the  transfer  of  leptospires  along  the  major  waterways  were  the  main  method  of 
transmission,  the  map  would  depict  small  green  circles  at  the  end  of  the  small  blue  lines, 
and  green  circles  of  increasing  size  along  the  waterways  flowing  toward  a  large  river. 

This  is  not  the  case  in  this  depiction.  Again  the  occurrence  of  the  abortions  appears  to  be 
completely  randomized  in  a  geographical  sense. 

Figures  4.3  through  4.8  add  more  hydrography  data  to  the  geographical  analysis 
of  the  locations  of  leptospira-induced  abortions.  The  same  description  of  water  flow  used 
for  Figure  4.2  applies  to  these  figures.  Because  the  diagram  in  Figure  4.3  becomes  more 
crowded  with  the  addition  of  the  watershed  data.  Figures  4.4  through  4.8  depicts  all  of  the 
points  in  increased  resolution.  Interestingly,  there  appears  to  be  no  association  with  the 
flow  of  water  in  the  bluegrass  region  of  Kentucky  to  the  occurrence  of  leptospira-induced 
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abortion  in  the  same  region.  The  result  is  a  completely  random  occurrence  of  the 
incidents  in  the  region  over  time. 
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Chapters;  Conclusions 


This  1 5-year  retrospective  study  in  central  Kentucky  is  the  first  investigation  done 
on  leptospira-induced  abortions  in  horses  that  analyzes  over  five  years  of  data.  Previous 
studies  done  in  central  Kentucky  have  used  data  from  1, 2, 4  and  5  years  (Poonacha  et  al., 
1990;  Hong  et  al.,  1993;  Giles  et  al.,  1993;  Donahue  et  al.,  1995).  There  are  two  primary 
reasons  that  the  location  of  the  study,  central  Kentucky,  is  important.  The  first  is  that 
there  is  a  large  equine  population  in  the  region.  The  second  is  that  the  University  of 
Kentucky  Livestock  Disease  Diagnostic  Center  (LDDC)  is  likely  the  only  the  laboratory 
in  the  country  that  does  testing  for  leptospires  on  all  aborted  equine  fetuses  (Dr.  Mike 
Donahue,  LDDC,  via  personal  communication,  2004). 

Having  the  cases  diagnosed  by  the  LDDC  over  the  15  year  period  in  this  study 
allowed  for  the  establishment  of  foaling  year  prevalence  of  leptospirosis,  which  allowed 
for  further  comparisons  between  5  high-prevalence  and  10  baseline-prevalence  years. 
Prevalence  was  established  by  dividing  the  number  of  Thoroughbred  fetuses  diagnosed 
by  the  LDDC  as  leptospira-induced  abortions  by  the  number  of  Thoroughbreds  bom  alive 
in  Kentucky  and  registered  at  the  Jockey  Club.  Previous  studies  have  established 
prevalence  based  upon  the  number  of  aborted  fetuses  submitted  to  the  LDDC  that  were 
diagnosed  as  leptospirosis  versus  the  number  of  aborted  fetuses  that  were  submitted  to 
the  LDDC  that  were  not  diagnosed  as  leptospirosis-related  incidents  (Poonacha  et  al., 
1990;  Hong  et  al.,  1993;  Giles  et  al.,  1993;  Donahue  et  al.,  1995).  This  study  used  a 
different  method,  because  the  necropsy  records  for  15  years  would  have  been  very 
numerous  and  there  was  great  concern  for  confidentiality  of  the  LDDC  records. 
Furthermore,  this  is  the  first  study  to  look  at  more  than  one  year  of  high  prevalence  of 
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leptospiral  abortions  since  the  incidence  of  the  disease  was  found  to  be  of  greater 
importance  in  central  Kentucky  in  the  1988  and  1989  foaling  years  (Poonacha  et  al., 

1990;  Hong  etal.,  1993). 

A  foaling  year  begins  on  July  1®‘  and  ends  on  June  SO^'the  following  calendar 
year.  For  example  foaling  year  1990  would  encompass  the  dates  from  July  1,  1989 
through  July  30, 1990.  Foaling  years  were  used  in  this  study  because  most 
Thoroughbreds  are  on  the  same  foaling  schedule  with  January  T*  being  designated  by  the 
Jockey  Club  as  a  horse’s  official  birthday.  One  of  the  reasons  for  this  is  so  the 
Thoroughbred  weanlings  will  be  ready  for  sale  at  the  appropriate  times  throughout  the 
year.  Using  the  foaling  year  allowed  investigation  of  one  period  of  gestation  a  year, 
rather  than  the  end  of  one  gestation  period  and  the  beginning  of  another  gestation  period 
as  would  be  in  the  calendar  year.  The  foaling  years  that  were  designated  as  high- 
prevalence  foaling  years  were  1990,  1992, 1993, 2001,  and  2004.  The  prevalence  rates 
for  these  years  can  be  seen  in  Table  2.2. 

Previous  studies  have  indicated  that  the  highest  incidence  of  abortion  occurs  in 
fall,  with  the  highest  incidence  occurring  in  November  or  December  (Donahue  et  al., 
1995;  Levett,  2001;  Ward,  2004).  The  epidemiological  curves  shown  in  Figures  2.2 
through  2. 16  demonstrate  the  seasonal  incidence  of  leptospira-induced  abortion.  Because 
this  study  is  the  first  to  compile  15  years  worth  of  data  and  encompass  more  than  one 
year  of  high  prevalency  in  leptospira-related  abortions  in  the  horse,  a  combined  year 
comparison  was  able  to  be  made  between  the  high-prevalence  and  baseline-prevalence 
years.  Figure  2. 1 7  depicts  the  two  separate  curves  throughout  a  foaling  year. 
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Figure  2. 17  shows  a  one-month  shift  in  years  of  high  prevalency  versus  the  years 
of  baseline  prevalency.  This  suggests  that  in  a  year  of  more  incidents  of  leptospira- 
induced  abortions  that  the  abortions  will  occur  earlier  in  the  foaling  year  and  peak  in 
December,  rather  than  the  January  peak  incidence  occurring  in  a  baseline  year.  The  data 
represented  in  Figure  2.22  provides  further  evidence  that  a  one-month  shift  occurs 
between  the  high-prevalency  and  baseline-prevalency  years.  Figure  2.22  depicts  the 
difference  in  gestational  age  of  the  fetus  at  the  time  of  abortion  in  the  two  categories  of 
years.  The  average  gestational  age  during  the  years  of  high-prevalence  was  8.5  months 
compared  to  the  average  gestational  age  of  9.5  months  during  the  baseline-prevalence 
years.  The  difference  between  the  two  years  was  statistically  significant  (p  <  0.005)  and 
therefore  supported  the  epidemiological  curve  depicting  the  one-month  shift  in  incidence. 

An  attempt  to  explain  the  shift  in  incidence  was  made  using  temperature  and 
precipitation  data.  It  is  commonly  thought  that  mild  temperatures  and  increased 
precipitation  promote  the  risk  of  exposure  to  leptospires  in  temperate  climates  (Faine, 
1994d;  Harkin  and  Gartrell,  1996;  Bolin,  1996;  Brown  et  al.,  1996;  American  Public 
Health  Association,  2000;  Levett,  2001 ;  Ward,  2004).  Therefore  the  hypothesis  of  this 
study  was  that  in  the  years  of  high  prevalency  the  temperatures  were  milder  and  the 
precipitation  totals  would  be  above  normal.  The  comparisons  between  years  were  done 
by  weekly  average  temperatures  and  weekly  average  precipitation  in  inches 
(http://wwAvagwx.ca.uky.edu). 

Other  studies  (Carroll  and  Campbell,  1987;  Miller  et  al.,  1991;  Barwick  et  al., 
1997,  1998;  Adin  and  Cowgill,  2000;  Ward,  2002;  Meites  et  al.,  2004)  have  researched 
the  importance  of  precipitation  on  leptospire  survival  and/or  incidence  of  leptospirosis. 


Although  the  studies  conducted  involved  different  species,  the  results  were  similar. 
Periods  of  higher  than  normal  precipitation  were  associated  with  a  higher  prevalence  of 
leptospirosis.  None  of  these  studies,  however,  combined  the  effects  of  temperature  and 
precipitation. 

Figure  3.10  shows  three  separate  lines.  The  blue  line  represents  the  15-year 
average  temperatures.  The  red  line  represents  the  average  temperatures  of  the  five  years 
of  high  leptospira-induced  abortion  prevalency.  The  yellow  line  represents  the  average 
temperatures  of  the  10  years  of  baseline  leptospira-induced  prevalency.  There  are  two 
periods  where  the  average  temperatures  during  the  high-prevalence  years  differ  from  the 
average  temperatures  during  the  15-year  mean  and  the  baseline  prevalence  years.  These 
temperatures  are  depicted  more  closely  in  Figure  3.13.  The  average  temperature  remains 
above  normal  from  October  14*  through  November  3”*  during  the  years  of  higher 
prevalence.  The  average  temperature  then  falls  below  normal  from  November  25* 
through  December  22"**  during  the  years  of  higher  prevalence.  These  temperature 
differences  are  the  only  notable  changes  between  the  high-prevalence  and  baseline- 
prevalence  years. 

Figure  3.14  indicates  the  average  foaling  year  precipitation  in  inches  and 
designates  the  high-prevalence  years  in  red  and  the  baseline-prevalence  years  in  blue. 

The  15-year  mean  precipitation  is  indicated  by  a  yellow  bar.  This  figure  indicates  that 
the  incidence  of  leptospira-induced  abortions  is  random  in  occurrence  when  compared  to 
annual  rainfall,  and  therefore  suggested  a  more  in  depth  look  at  weekly  precipitation 
totals. 
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Much  the  same  way  as  determining  the  difference  in  average  temperatures,  the 
average  weekly  precipitation  was  plotted  for  a  foaling  year.  Figure  3. 1 8.  The  color 
designations  were  the  same  as  mentioned  in  the  previous  paragraph.  There  were  some 
points  of  keen  interest  and  each  of  these  points  was  analyzed  to  make  sure  that  it  was  not 
one  specific  precipitation  total  for  a  particular  year,  skewing  the  results.  Upon 
completion  of  this  analysis,  the  most  intriguing  section  of  the  precipitation  totals  was 
determined  to  be  the  section  shown  in  Figure  3. 19.  The  combination  of  the  data 
described  in  Figures  3. 13  and  3. 19  created  the  following  scenario. 

In  the  months  leading  up  to  and  into  October  during  high  prevalence  years,  milder 
temperatures  are  seen,  followed  by  a  spike  in  temperature  during  the  last  two  weeks  of 
October  (Figure  3. 13).  This  spike  is  not  an  increase  in  temperature.  However,  it  is  a 
prolonging  of  temperature  in  the  65  to  70  degree  Fahrenheit  average  range  for  2  weeks. 
Simultaneously,  the  weekly  precipitation  is  following  a  cycle  of  heavy  precipitation 
(greater  than  1 .0  inches)  followed  by  two  or  more  weeks  of  light  precipitation  (Figure 
3. 19).  Meanwhile  during  the  baseline  prevalence  years  the  average  weekly  temperature 
steadily  decreased  since  early  September  (nearly  2.5  degrees  Fahrenheit  a  week)  and 
average  weekly  precipitation  totals  were  1.0  inch  or  less  since  July  (Figure  3. 19).  It  is 
likely  that  the  extension  of  the  mild  temperatures  prolong  the  warmth  of  the  soil 
containing  the  leptospires  during  the  high  prevalence  years. 

Furthermore,  it  has  been  determined  (Karaseva  et  al.,  1979)  that  pathogenic 
leptospires  can  survive  up  to  15  days  in  moist  (74.3%),  neutral  pH  (6  5-7.5)  soil 
compared  to  12  hours  in  slightly  moist  (16.5%)  slightly  acidic  (pH  6.2)  soil.  A  similar 
study  showed  that  serovar  pomona  was  able  to  retain  its  pathogenicity  and  viability  up  to 
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74  days  in  soil  having  a  pH  of  6.7  to  7.2  and  moisture  content  of  15.2  to  3 1 .4%  (Zaitsev 
et  al.,  1989).  The  limestone  in  the  bluegrass  region  soil  helps  create  a  relatively  neutral 
pH  (Dennis  Hancock,  University  of  Kentucky  College  of  Agriculture,  via  personal 
communication,  2004).  Meanwhile  the  heavy  precipitation  moistens  the  soil  and  in  some 
areas  could  cause  standing  water,  which  would  bring  the  leptospires,  if  present  in  the  soil, 
to  the  surface  for  ingestion.  These  conditions  could  cause  the  earlier  onset  of  the  cases  of 
leptospira-i  nduced  abortion  and  increase  the  risk  of  exposure  to  leptospires.  If  more 
organisms  are  surviving  in  the  environment,  more  horses  are  likely  to  be  exposed  to  the 
leptospires 

The  drop  in  temperatures  during  the  month  of  December  in  high  prevalence  years 
to  temperatures  below  the  average  prevalence  years  average,  coinciding  with  a  close 
return  to  the  1 5-year  mean  for  precipitation  during  this  time,  could  explain  why  the 
number  of  abortions  do  not  continue  throughout  the  foaling  year.  The  leptospires  are  no 
longer  able  to  survive  as  long  in  the  colder  environment. 

This  study  did  not  make  an  attempt  to  determine  the  serovars  responsible  for  the 
cause  of  the  leptospira-induced  abortion.  Dr.  Mike  Donahue  and  Dr.  Neil  M.  Williams 
(2000)  made  such  an  effort  using  fetuses  aborted  because  of  a  leptospiral  infection  during 
many  of  the  calendar  years  covered  in  this  study  (1989-1999).  The  LDDC  uses  the 
fluorescent  antibody  test  (FAT)  as  the  confirming  test  for  a  leptospiral  abortion. 

Serologic  testing  is  then  performed  by  the  LDDC  on  the  fetal  pericardial  fluid  and  mare 
sera  by  the  microscopic  agglutination  test  (MAT).  The  MAT  will  diagnose  the  serogroup 
responsible  for  the  infection.  Dr.  Donahue  and  Dr.  Williams  (2000)  found  that  fetal 
fluids  tested  positive  for  only  one,  and  most  likely  the  causative,  serogroup  in  120  of  123 
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(97.6%)  samples,  while  sera  from  the  mare  usually  tested  positive  for  one  or  more 
serogroups.  They  went  one  step  further  in  their  study  and  cultured  the  serovar 
responsible  for  the  infection.  This  procedure  takes  at  least  six  months  to  culture  and 
identify  the  bacteria  and  is  very  costly.  Due  to  these  factors  it  is  accomplished 
infrequently. 

The  LDDC  uses  the  MAT  to  identify  the  serovars  (kennewicki,  grippotyphosa,  or 
hardjo)  responsible  for  an  equine  leptospira-induced  abortion.  There  was  no 
determination  made  between  mare  sera  or  fetal  pericardial  fluid.  Therefore,  in  many 
cases,  there  was  more  than  one  serovar  identified  (Figure  1.19).  To  make  matters  easier, 
each  positive  identification  for  a  particular  serovar  was  treated  as  its  own  incident  and 
broken  down  into  incriminating  serovars  determined  by  the  LDDC  (Figure  1.20).  Similar 
to  what  Dr.  Donahue  and  Dr.  Williams  found  in  their  study,  serovar  kennewicki  was 
present  in  the  majority  of  the  cases  (82%),  serovar  grippotyphosa  was  second  most 
prevalent  (16%),  and  serovar  hardjo  was  identified  in  only  2%  of  the  cases.  These 
findings  support  Dr.  Donahue  and  Dr.  Williams’  (2000)  findings  that  the  serovar  most 
often  responsible  for  an  equine  abortion  is  kennewicki. 

Much  research  has  indicated  that  the  horse  is  a  maintenance  carrier  for  serovar 
bratislava  (Ellis  et  al.,  1983;  Ellis,  1999).  This  research,  however,  has  been  carried  out  in 
Northern  Ireland  and  not  North  America.  One  would  susp)ect  if  the  horse  in  North 
America  were  a  maintenance  carrier  for  serovar  bratislava  that  the  serovar  would  have 
been  identified  in  more  than  2%  of  the  cases.  The  other  case  to  be  made  is  that  being  a 
maintenance  carrier  of  serovar  bratislava  may  offer  a  protective  effect  from  other 
leptospiral  infections  and  thus  decreases  the  chance  of  abortion.  The  only  way  to 
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determine  the  later  is  to  test  the  healthy  mares  and  foals  on  random  central  Kentucky 
farms  and  determine  the  prevalency  of  serovar  bratislava. 

Lastly,  the  serological  findings  of  this  study,  and  previous  studies,  indicate  that 
the  horse  is  an  incidental  carrier  of  serovar  kennewicki,  as  well  as  serovars 
grippotyphosa,  and  hardjo  (Donahue  et  al.,  1991,  1992,  1995).  This  means  that  at  some 
point  a  maintenance  carrier  of  these  serovars  must  come  into  contact  with  the  horse,  or 
contaminate  an  area  where  the  horse  may  be  stabled,  fed,  watered,  or  pastured. 

Interestingly,  the  foaling  year  in  which  this  study  was  being  conducted  (FY  2004) 
was  a  year  of  high  prevalence.  This  allowed  for  real-time  investigation  of  the 
leptospirosis  epidemic  in  central  Kentucky.  The  investigation  of  the  FY  2004  was 
accomplished  by  submitting  surveys  (Appendix  B)  to  the  farms  in  central  Kentucky  that 
had  experienced  a  leptospira-induced  abortion  during  that  year,  and  by  visiting  the  farms 
and  taking  latitude  and  longitude  coordinates  of  the  pastures  where  the  aborting  mare  was 
kept  six  weeks  prior  to  the  abortion  for  use  in  geographical  information  system  (GIS) 
analysis. 

The  survey  was  submitted  to  22  farms  and  returned  by  16  for  an  excellent 
response  rate  of  73%.  There  are  some  limitations  to  the  data  received  by  a  survey  and  the 
most  significant  is  memory  bias.  The  survey  was  sent  to  the  farms  and  farm  visits 
conducted  at  the  end  of  the  foaling  year  (May  2004  through  August  2004).  In  some  cases 
the  farm  manager  (or  other  farm  personnel)  was  recalling  information  that  occurred 
almost  a  year  prior  to  the  visit.  However,  the  commercial  operations  kept  meticulous 
records  where  the  mares  were  stalled  and  pastured  which  limited  the  recall  bias  in  this 
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study.  Only  one  farm  was  not  a  commercial  operation  and  only  one  pasture  was  used  for 
horses  on  the  farm. 

Another  limitation  of  the  survey  is  the  subjectiveness  of  some  of  the  answers, 
especially  those  concerning  wildlife.  Although  the  determination  of  wildlife  on  a  farm 
might  be  a  subjective  answer,  it  is  very  important  data.  As  established  previously,  the 
horse  is  most  likely  an  incidental  host  for  a  leptospiral  infection.  Thus  it  must  contract 
the  infection  from  a  maintenance  carrier  by  direct  or  indirect  transmission.  It  has  been 
determined  that  raccoons  and  opossums  are  the  maintenance  carriers  for  serovar 
grippotyphosa  and  skunks  and  pigs  the  maintenance  hosts  for  serovar  kennewicki  (Ellis  et 
al.,  1983;  Bolin,  1996;  Brown  et  al.,  1996;  Wohl,  1996;  Bimbaum  et  al.,  1998;  Mitchell 
et  al.,  1999;  Pilgrim  and  Threllfall,  1999;  Adin  and  Cowgill,  2000;  Sykes,  2001). 
Therefore  it  is  important  to  establish  how  frequently  these  mammals  are  spotted  on  a 
horse  farm 

Skunks  were  seen  often  on  4  out  of  16  farms,  sometimes  on  10  out  of  the  16  farms 
and  never  seen  on  two  of  the  farms.  Opossums  were  often  seen  on  2  of  the  16  farms, 
sometimes  seen  on  12  of  the  16  farms,  and  never  seen  on  2  of  the  farms.  Raccoons  were 
often  seen  on  7  of  the  16  farms,  sometimes  seen  on  6  of  the  farms,  never  seen  on  two  of 
the  farms,  and  no  response  was  marked  on  one  of  the  farms.  Pigs  were  not  included  in 
the  questionnaire,  but  during  the  farm  visits,  no  evidence  of  pigs  was  seen  on  any  of  the 
farms.  These  responses  indicate  that  the  animals  considered  to  be  the  maintenance  hosts 
for  the  pathogenic  strains  of  leptospira  causing  abortion  in  equines  were  present  on  most 
of  the  farms  in  the  study.  One  farm  did  keep  cattle  in  the  field  next  to  the  pasture  of  a 
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mare  that  aborted,  but  cattle  are  most  likely  the  maintenance  host  for  serovar  hardjo 
(Paine,  1994e)  and  the  serovar  incriminated  in  the  aborted  fetus  was  kennewicki. 

The  survey  also  indicated  that  20  pastures  were  involved  on  the  16  different  farms 
and  50%  of  these  pasture  has  some  source  of  ground  water  on  them.  This  is  an  important 
determination  because  flooding  has  been  associated  with  outbreaks  of  leptospirosis  in 
humans  and  animals,  thus  incriminating  water  as  a  viable  source  of  indirect  transmission 
of  the  organism  (Rentko  et  al  .,  1992;  American  Public  Health  Association,  2000;  Herbert, 
2004;  Ward  et  al.,  2004). 

The  determination  of  the  location  of  flowing  water  in  proximity  to  the  location  of 
the  pasture  that  the  mares  experiencing  a  leptospira-induced  abortion  were  kept  was  made 
through  the  use  of  global  positioning  system  (GPS)  and  geographical  information  system 
(GIS)  technology.  The  reason  this  was  possible  was  because  the  farms  that  had  more 
than  one  pasture  maintained  impeccable  records  that  tracked  the  horses  on  the  farm.  Out 
of  the  16  farms  that  were  visited,  all  were  sure  of  the  location  of  the  mare  6  weeks  prior 
and  leading  up  to  the  abortion. 

Although  this  is  the  first  time  that  GPS  and  GIS  technology  has  been  used  in  a 
leptospirosis  study  involving  horses,  it  is  not  the  first  time  this  type  of  study  has  been 
accomplished.  Dr.  Michael  Ward  (2004)  used  this  technology  to  identify  landscape 
features  that  could  be  associated  with  leptospirosis  in  dogs.  Dr.  Ward  used  a  GIS 
analysis  known  as  overlay  analysis.  Overlay  analysis  was  also  accomplished  in  this  study 
in  order  to  determine  clustering  of  cases  and  the  proximity  of  pastures  to  flowing  water. 

The  maps  created  by  the  overlay  analysis  can  be  seen  in  Figures  4. 1  through  4.8. 
The  first  conclusion  is  that  the  cases  are  completely  random  geographically  and  there  is 
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no  clustering  (Figure  4.1).  Major  waterways  were  overlaid  upon  the  geographical  points 
to  determine  the  likelihood  of  leptospiral  transmission  through  these  larger  flowing  water 
routes  (Figure  4.2).  Again  the  cases  were  completely  geographically  random.  Finally, 
minor  watershed  data  was  added  (Figures  4.3  through  4.8).  Watershed  data  shows  how 
water  naturally  flows  following  rainfall.  Because  this  data  is  so  intricate,  areas  of  the 
map  were  magnified  to  show  greater  detail  (Figures  4.4  through  4.8).  However,  once 
again,  the  geographical  points  collected  through  GPS  technology  are  completely  random 
in  geographical  occurrence.  These  findings  would  strongly  suggest  that  the  likely 
mechanism  of  transmission  is  not  flowing  water. 

GPS  and  GIS  technology  proved  to  be  very  useful  in  this  study  and  was  able  to 
answer  a  major  question  concerning  the  transmission  of  leptospirosis  among  horses.  This 
technology  will  certainly  be  used  in  future  studies  to  strengthen  association  between 
geographic  and  environmental  factors  and  the  distribution  of  disease  (Glass  et  al.,  1995; 
Ward,  2004).  This  study  faced  a  limitation  of  satellite  photos  being  almost  eight  years 
old  (Dennis  Hancock,  University  of  Kentucky  College  of  Agriculture,  via  personal 
communication,  2004).  A  follow-up  study  accomplished  when  the  photos  are  updated 
would  provide  further  geographical  evidence  concerning  forested  area,  hydrography,  and 
developed  land  in  relation  to  leptospirosis  occurrence. 

Analysis  of  15  years  of  data  was  done  to  determine  individual  mare  factors  and 
the  effects  of  temperature  and  precipitation  on  the  prevalence  of  leptospira-induced 
abortions.  The  results  were  that  a  mare  having  the  average  age  of  9  years  will  most  likely 
abort  her  Ibal  between  8  and  10  months  of  gestation  if  she  contracts  a  leptospiral 
infection.  This  abortion  will  not  affect  the  mares’  ability  to  produce  further  offspring  or 
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her  ability  to  conceive.  In  this  study,  no  mare  had  a  leptospira-induced  abortion  more 
than  once  in  the  15  year  time  period  examined.  However,  with  the  frequent 
transportation  of  mares  into  and  out  of  central  Kentucky,  a  more  in-depth  study  of  the 
reproductive  histories  of  the  mares  would  be  needed. 

The  infection  most  likely  occurs  through  indirect  transmission  of  leptospires  by 
mammal  maintenance  hosts.  Since  serogroup  Pomona  serovar  kennewicki  is  most  often 
attributed  to  the  abortion  of  a  foal,  the  maintenance  host  could  be  skunks  and  opossums. 
Both  mammals  were  frequently  seen  on  farms  returning  the  questionnaire  and  both 
animals  are  nocturnal,  making  their  spotting  more  difficult.  These  animals  might  shed 
the  organism  through  urination  allowing  the  organism  to  be  absorbed  into  the  soil. 

Temperature  and  precipitation  likely  work  together  to  keep  the  leptospires  alive  in 
the  soil  of  the  farm.  The  moist  soil  prevents  the  desiccation  of  the  organism  and  allows  it 
to  retain  its  pathogenicity  for  a  longer  period  of  time.  A  short  period  of  heavy 
precipitation  during  mild  temperatures  likely  brings  the  organism  to  the  surface.  The  soil 
then  likely  reabsorbs  the  organisms  (dead  or  alive)  unless  indirect  transmission  of  an 
incidental  host  has  occurred. 

If  the  first  case  of  leptospira-induced  abortion  occurs  in  August,  it  does  not  mean 
that  the  year  is  going  to  be  a  high-prevalence  year.  If  the  first  case  appears  in  August  and 
the  temperatures  remain  milder  into  the  fall,  and  precipitation  follows  a  pattern  of  a  week 
of  high  moisture  followed  by  weeks  of  low  moisture,  then  the  risk  of  leptospiral  exposure 
to  a  pregnant  mare  is  higher. 

Future  studies  should  certainly  employ  the  GPS/GIS  technology.  These  tools  are 
very  valuable  in  determining  the  spread  of  disease  over  large  geographical  regions.  More 
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interest  should  be  placed  on  the  proximity  of  wooded  areas  to  the  pastured  mares.  One 
method  of  accomplishing  this  analysis  would  be  to  take  a  pasture  reading,  as  done  in  this 
study,  and  then  take  a  reading  at  the  edge  of  the  nearest  wooded  area. 

Additional  studies  could  be  accomplished  to  determine  the  likely  survival  period 
for  leptospires  in  soil  similar  to  the  soil  found  in  Kentucky  and  under  the  weather 
conditions  established  in  this  study.  Such  an  experiment  would  provide  accurate  data  on 
the  length  of  time  leptospires  survive  in  the  central  Kentucky  environment  and  help  make 
the  period  of  exposure  to  the  organism  more  precise. 

In  conclusion,  the  results  of  this  study  support  the  following  recommendations. 
First,  farms  should  fence  off  flooded  areas  and  ground  water  areas,  where  practical,  to 
decrease  the  risk  of  mare  exposure  to  leptospires.  Next,  mares  should  not  be  fed  hay  and 
grain  off  the  ground,  especially  in  wet  conditions.  Finally,  wildlife  activity  on  the  farm 
should  be  monitored  closely  and  the  increased  presence  of  opossums,  raccoons,  and 
skunks  should  be  especially  noted. 
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Appendix  A:  Accession  Sheet 


ACCESSION  SHEET 
TTl^  UNIVERSITY  OF  KENTUCKY 
College  of  Agrtculture 
Livestock  Dtocsse  Dtefnottk  Cater 
1429  Newtown  Pike 
P.O.  Box  14125 

Lexington,  Kentucky  405 12-4125 
Phone;  (8»)  253-0571  Fix:  (1159)  255-1624 


Aocesiion  U 

Dstc  _ _ _ 

Species 

Breed _ 

Sex^ _ ^Agc. 

Colof/Wci^it  _ _ 


Animal  Nune  or  # 


Veterinirian:_ 

Clinic: _ 

Address: _ 

City; _ 

Zip  code; 


Stale: 


Telq>lione:  (  )  _ 


Couiity:_ 


Have  Other  Speeimem  Been  Submittod  for  this  Problem?  When: 


Ownci/Mgr  _ 
Farm  Name: 

Address: _ 

City: _ _ 

Z^codc: _ 

_  TclcpboDC.  ( 


) 


Stair: _ 

County:, 


_Ca>e  No.; 


History:  Date/Tuneof  Death  _ 
No.  of  Animals  in  Affected  Group 
Vaccination  History _ 


Duration  of  illness 
No.  Sick 


No.  Dead 


Nutrition  (type  and  quality  of  feed,  water,  supplement,  mineral,  etc)_ 


Case  History  and  Clinical  Signs: 


rreatment _  ___________ 

Euthanasia _  No  Yes  How? 

Clinictl  DiagDosis  _ _ _ _ 

Specimens  Submitted  _ _ 


.(coniioQc  history  on  hack) 


Tests  reqnastod:  Write  to  names  of  desired  tests  that  arc  net  Uited.  VetertBaiiia'f  Sight  tare  _ 

Veierimirtii’s  Lkewe  Number 


Rabies 

_ Huiuau  cxpoeoie 

_ Animal  exposure 

_ No  exposore 


Coataet  the  Livestock  Disease  Diagaastk  Ceoier  if  you  need  addldoaal  iafonaitioo 


Palhotog} 

_ Necropsy  sod  relitcd  testing 

_ Hifiopathology  (otbei  testing 

tf  needed) 


Clinical  Pathology 
CVtologv 

_ CinigJlcic  fluid  analysis 

_ CBC  (EDTA  dc  2  slides) 

Qicmtstry  panel  (senun) 

_ Protein  electrophoresis 

_ Urinalysis 

_ Stooc  aoalystt 


Serslogy 

Anaplatniofii 

_ Blaamycosis 

Bhirtodguc 
Brucellosis  (K-9) 

_ Histoplasinosu 

iohne^s  Disease 

_ LepiDspirons 

_ Leukosis  (BLV) 

.^Neospoia 

Toxoplannosis 


Virology 

_ Virus  Isolatioo 

_ ^Vinis  Isolatioo  for  BVD 

Rotavirus  lalex  tesr 
Canine  Parvovirus  Antigen 

_ DVD  Serology 

_ BRSV  Serok^ 

_ IBR  .Serology 

_ Eq  hen>es  1  Serology 

_ Equine  uiflueiua  Serology 

_ Potomac  Horse  Fever 


Bactertoloo  Parasltolog> 

_ Aerobic  culture  &  sensitivity  _ ^Routme 

,„^Maaiitis  culture  _ Ciyptospoiidia 

_ Fungal  culture 

Johac*a  culture 


_ PRRS  Serology 


Toxicology 

CopDCf  (seruml 
Selenpiin  (serum) 
_ ^Nitrate  (IfHage) 


Molecular  Biology 
Nucleic  Acid  Testing 
(PCR  assay) 


REVERSE  SIDE  MUST  BK  COMPLETED  FOR  INSURANCE  CASES  AND  ALL  EQUINE  SUBMISSIONS 

LABORATORY  USE  ONLY 
Specimens  received  _ _ 

Rab  Ntc  HU  Bnt  O  P«»k  MBU  S»  fM  Olb« 
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Hiftory  (contiaied): 


information  required  for  insurance  cases  and  equine  cases 


FRONTOFTHIS  FORM. 


2.  Is  this  annotl  iusiircd?  Yes 
Ntine  of  tosuranoe  conpany! 


3.  C«brf«ni«kmretaicdtothi*c«eberefc«KdbytheIjmtocini«KDi,w»^ 


required  signature  of  owner  or  representative 


DATE 


Title  - - - - - - 

Inf(tmmtion  related  to  this  case  wffl  not  be  released  to  in  inswsiM*  i^nptay  wid^ 


Gcoeral  ImfomutiMi  far  svhaittfn 

The  followug  lists  Mortify  tlic  assays  which  comprise  specified  paaeb: 


CHEMISTRY 


LARffS  animal 

BUN 

Caldiun 

Phosphanis 

Masocsiam 

Tatal  Proteiii 

AlbSinia 

Giobttlio 

SCOT 

CPK 

GGT 

AIIl  Phos. 

GhlMM 

rreaiiniiit 

Total  BOIrnbia 

Cholcatcral 

Sodium 

Potassium 

Chloride 


SMALL  ANIMAL  FANRl 

BUN 
CaMwn 
Phombonu 
Total  Protdii 
AiboaiiB 
Globalia 
SGFT 
AIIl  Phos. 

Amylaac 
Gtacose 
Creattotee 
Total  BHlmblD 
Cholesterol 


SEROLOGY 

AfigftTIQtSfVfia^ 

Bortoe 

Brncolta 

Leptospira 

IBR 

BVD 

Neospora 


Porcine 

BruccQa 

Leptospira 

PRV 

PRRS 

PPV 
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Appendix  B:  Leptospirosis  Questionnaire 

CONFIDENTIALITY  AGREEMENT :  Survey  information  from  horse  farms  has  been  provided  to  the  University  of  Kentucky  with 
the  express  understanding  that  any  and  all  such  information  shall  be  considered  records  confidentiality  disclosed  to  an  agency  arid 
compiled  and  maintained  for  scientific  research,  and  shall  be  exempt  from  disclosure  pursuant  to  KRS  6l.878(l)(b). 

Leptospirosis  Questionnaire  for  Cases  Occurring  Between  the 
Fall  of  2003  and  the  Spring  of  2004 

Date  of  Interview: _ (mm/dd/yy)  Farm  ID: _ 

Person  performing  interview: _ 

1.  For  each  mare  that  aborted  a  fetus  due  to  leptospirosis  please  answer  the  following: 
Mare  Name  2003  Last  Date  Bred  Year  of  Birth  Parity  (If  Known) 

a. 

b.  _  _  _  _ 

c.  _ 

d.  _ _  _  _ 

e. 


2.  Have  any  of  the  horses  that  have  been  diagnosed  with  leptospirosis  been  tested  for 
chronic  shedding  of  the  spirochete  in  their  urine? 

Yes: _  No: _  Other: _ 

3.  Were  the  mares  diagnosed  with  leptospirosis  pastured  in  a  field  with: 

a.  Stream: _ 

b.  I^ke: _ 

c.  Farm  Pond: _ 

d.  Standing  Water: _ 

e.  Other  Form  of  Water: _ 

4.  If  more  than  one  case  of  leptospirosis  abortion  on  the  farm  occurred  from  2003 
breedings,  which  pastures  were  involved?  (Please  list  name  of  Pasture  or  Pasture  ID) 

a.  _ 

b.  _ 

c.  _ 

d. “ _ 

e. 


5.  Were  the  horses  diagnosed  with  leptospirosis,  kept  in  the  same  or  different  fields  on 
the  farm? 

Same: _  Different: _ 

6.  Did  the  farm  have  a  rodent  problem  in  the  feed  store  areas,  or  within  the  stables? 

(Feed)  Yes: _  No: _ 

(Stables)  Yes: _  No: _ 

7.  Has  any  other  animal  on  the  farm  been  diagnosed  with  leptospirosis,  including  pets? 
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Yes; _  No: _ 

If  yes  please  list: _ 

8.  Once  a  horse  is  diagnosed  with  leptospirosis  what  is  the  farm’s  standard  treatment? 

a.  Medicine: _ (length  of  treatment) _ 

b.  Isolation:  Yes: _  No; _ 

c.  Other;  _ 

12.  If  the  horse  is  isolated,  at  what  point  is  the  horse  reintroduced  to  the  other  horses? 

One  Week; _  Two  Months; _ 

Two  Weeks: _  Three  Months: _ 

Three  Weeks: _  Four  Months: _ 

Four  Weeks; _  Other; _ 

13.  When  a  horse  is  diagnosed  with  leptospirosis  on  the  farm,  what  preventative 
measures  are  taken? 

a.  Medication  (to  other  horses): _ 

b.  Diet  Change; _ 

c.  Testing  water  sources: _ 

d.  leptospirosis  immimization  of  other  horses: _ (product?) _ 

14.  Was  the  mare  that  aborted  from  leptospirosis  bred  in  2004? 

Yes; _  No: _ 

If  yes,  what  is  the  mare’s  current  status? 

Not  Checked _ Pregnant _ Open _ Other _ 

15.  If  a  mare  was  diagnosed  with  leptospirosis  and  successfully  delivered  a  foal,  has  that 
foal  ever  been  tested  for  shedding  of  leptospires? 

Yes: _ ^(the  results?) _ _ _ 

No; _ 

1 8:  Have  the  horses  on  the  farm  ever  been  vaccinated  against  leptospirosis  using  the 
cattle  vaccine? 

Yes: _  No; _ 

If  yes,  please  indicate  which  years: _ _ 

19.  Is  there  a  wooded  area  within  the  pasture  perimeter? 

Yes; _  No:  _ 

Outside  the  pasture  perimeter? 

Yes: _  No; _ 

20.  This  next  question  refers  to  wildlife  or  evidence  of  their  presence  including  tracks, 
scat,  carcass,  or  damage.  In  the  Fall  of  2003  though  the  Spring  of 2004,  did  you  often, 
sometimes,  or  never  see  the  following  wildlife  or  evidence  thereof  on  the  horse  premises 
or  in  the  immediate  vicinity?  (Please  circle  answer.) 

a.  Mice  or  Rats  Often  Sometimes  Never 
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b.  Raccoons 

Often 

Sometimes 

Never 

c.  Coyotes 

Often 

Sometimes 

Never 

d.  Deer  or  Elk 

Often 

Sometimes 

Never 

e.  Water  Fowl  (geese  or  ducks) 

Often 

Sometimes 

Never 

f  Bats 

Often 

Sometimes 

Never 

g.  Opossums 

Often 

Sometimes 

Never 

h.  Skunks 

Often 

Sometimes 

Never 

i.  Foxes 

Often 

Sometimes 

Never 

2 1 .  Has  the  presence  (or  absence)  of  these  species  of  wildlife  significantly  changed  over 
previous  years?  If  so,  how? 


22.  Please  take  a  moment  to  provide  any  theory  that  you  may  have  concerning  the 
increased  numbers  of  leptospirosis  induced  abortions  in  certain  years  compared  to  years 
having  a  lower  number  of  leptospirosis  induced  abortions? 
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Appendix  C:  Confidentiality  Agreement 


UK 

UNIVERSITY  OF  KENTUCKY 


CONFIDEimALlTY  AGREEMENT 


College  of  Agriculture 
V'rteriiKtfy  Scamcr 
GLUCK  EQUINE  RESEARCH 
center 

KY  4054^-0099 
fS59)2S7-4T57 
uwpMkyjftlu 

IAX:tSj9)257^2 
Wnfcrv-  Oirtc*  DM  Number 


(ann  nanie/kldress 


Informwion  riding  the  above-referenced  farm  has  been  provided  to  the  Universitv  of 
Kenti^  with  the  «press  underatanding  that  any  and  all  such  information  shall  be  considered 
records  confidCThally  disclosed  to  an  agency  and  conviled  and  maintained  for  scientific 
research,  and  shall  be  exempt  from  disclosure  pursuant  to  KRS  61  878(IXb) 


F«fin  rqueaenlMiue  signatm 


IViMname 

Tkte 


code# 


Am  Offmrttmnt  Uaiinrr^ 
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